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Monitors anything . 
sini your mobile phone on alarm! 


Do you know what this is? HISTORY OF 


A nostalgic look at DIGITAL 
Magnetic Some 
, GORG 
Memory 


MARCH EDITION 


c= SAVINGS! 


Prices valid until 23/03/2014 Online & in store 


Ideal for solar installations, marine, RV etc. 
Electrical safety approved. 


*2 pole 


SAVES 


Bulkhead Plastic DIN Rail Mount Circuit Breakers 
+ Rated 500V DC 


Mount Cases 
* Black in colour 16A SF-4155 WAS $24.95 NOW $19.95 SAVE $5 a ie 
Extra Deep 20A SF-4156 WAS $24.95 NOW $19.95 SAVE $5 


+ 4 self tapping screws included 
* 72(W) x 50(D) x 63(H)mm r P 7 ä 

( (0) ) Non-Polarised Micro Circuit Breakers 
HB-6081 WAS $9.95 

+ Rated 1000V DC 

With Clear Front/Top 
* Removable mounting brackets 16A SF-4157 WAS $39.95 NOW $29.95 SAVE $10 
+ 120(W) x 70(D) x 30(H)mm 20A SF-4159 WAS $39.95 NOW $29.95 SAVE $10 


HB-6082 WAS $11.95 
— -——S 9 ë Watch this 
Circuit Breaker Enclosure o a space... 


Standard 4-pole ABS enclosure suitable for electrical F= 

installations or solar applications. i ) 2 0 1 4 

+ IP66 rated : 
Electronics a 


* Clear front cover with padlock tabs Catalogue 


* DIN rail included 
* Size: 96(W) x 195(H) x 98(D)mm 
SF-4158 


Diecast Aluminium Boxes M8 Circular Connectors M8 Circular 
Ideal for projects involving heat as the case itself Used in process control instrumentation. Field installable. Connector Cable 


makes an excellent heatsink. PLUGS Suitable for industrial sensor 
3 Way - PP-4300 WAS $14.95 NOW $9.95 SAVE $5.00 wiring. 
4 Way - PP-4302 WAS $19.95 NOW $9.95 SAVE $10.00 


SOCKETS 


3 Way - PS-4301 WAS $14.95 NOW $9.95 SAVE $5.00 
4 Way - PS-4303 WAS $14.95 NOW $9.95 SAVE $5.00 


* Lightweight 

* Close fitting flanged lids 

* Excellent screening properties. 
51(W) x 51(D) x 32(H)mm 
HB-5060 $7.95 

11 1 (W) x 60(D) x 30(H)mm 
HB-5062 $9.95 

11 1(W) x 60(D) x 54(H)mm 
HB-5063 $12.95 


* 4 core colour 
coded 


119(W) x 94(D) x 34(H)mm o O a 
HB-5067 $14.95 ES tae 
119(W) x 94(D) x 57(H)mm - SAVE UP TO $10 BE REWARDED... 
=] i pastures prea e Jayc 
HB-5064 $18.95 ycar Rewards programme 


will entitle you to accumulate one 
point with every dollar spent* at any 


Jaycar Store* and be rewarded with 
6 Way Fuse Panel a $25 Rewards Cash Card once you 


Attractive anodised plate with screen printed graphics. 22 2 ee & reach 500 points. 
Pre-wired circuit. 3AG fuse holder. 


12V pilot globe illuminates 
switch to indicate “on”. 


Register online today! 


WWW.jaycar.com.au/rewards 


* Size: 115(H) x 168(W)mm “Conditions apply, com 


SZ-1901 WAS $49.95 


I ) pany stores only and only available for 
retail transactions in Australia and New Zealand. 
See website for full terms and conditions. 


HQ TOSLINK Plug to Plug S-Video Plug to RCA Plug RGB Component Video 
Ideal for optical audio. + 1.5m long 3 x RCA Plugs to 3 x RCA Plugs 

* 0.5m long WQ-7253 WAS $22.95 

WQ-7261 WAS $16.95 * 10m long 


a—— $ 
e & 


To order call 1800 022 888 www.jaycar.com.au 


Savings off original RRP. Limited stock on sale items. 


sees * Colour coded plugs 
: 4 p yaa WQ-7252 WAS $59.95 
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SAVE $7 i 
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12 Digital Cameras Come of Age 
It all started almost 40 years ago with a 100 x 100 pixel monster. We trace the 
history of digital cameras to today’s sensational performers — by Barrie Smith 


18 Retro Round-Up: Nostalgic Radio Is Back! 
Retro radios with a style reminiscent of bygone days but with modern reliability 
and features are now popular items. Their sound may not be hifi but that's 
generally of little importance. Here’s a look at what's available — by Kevin Poulter 


63 Review: Cadex C7400ER-C Battery Analyser 


A professional charger, analyser and conditioner for those who use lots of 
rechargeable batteries or for use in battery service centres — by Nicholas Vinen 


96 A Look Back At Ferrite Core Memory: Bits You Can See 
A 40-year-old ferrite core memory module makes for an interesting comparison 
with modern solid-state memory. With a capacity of just 4KB, it's bigger than 
this page, cost more that $4500 in 1974 dollars and you could actually see the 
individual bits! — by Brian Armstrong 


Projects To Build 


26 Arduino-Based GSM Remote Monitoring Station 
Need to keep an eye on electrical gear, a power supply or various sensors in 
remote locations such as on a farm, moored boat or holiday house? This unit 
will send you an SMS as soon as something goes wrong — by Nicholas Vinen 


Retro Round-up: Nostalgic Radio 
Is Back — Page 18. 


44 Precision 10V DC Reference For Checking DMMs Precision 10V |} 
Ever checked the calibration of your digital multimeter? This low-cost precision DC Reference ™ 
DC voltage reference give a source of 10.000V DC accurate to within +5mV or For Checking 
+0.05% — by Jim Rowe DMMs — Page 
66 Burp Charger For NiMH & Nicad Batteries eh 


Burp your way to better cell health with this new NiMH/Nicad battery charger. 
It alternately charges and discharges the cells during the charging cycle for 
improved efficiency and better performance — by John Clarke 


88 230V/10A Speed Controller For Universal Motors, Pt.2 
Last month, we described the circuit details of our new 230VAC/10A Speed 
Controller. Here’s how to build and troubleshoot it — by John Clarke 
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38 Serviceman’s Log 
Miracle hard disk drive data recovery — by Dave Thompson 


84 Circuit Notebook 
(1) Adapting An Arduino LCD Shield For The MiniMaximite; (2) Atmel Micro- 
controller Drives An Arduino OLED Display; (3) Versatile Timer Is Based On A 
Single Chip; (4) Last Digit Bobble Fix For The 12-Digit Frequency Counter 


100 Vintage Radio 
The 1956 Sony Gendis TR-72 transistor radio — by Dr Hugo Holden 
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Steel Rulers Digital Calipers 
e Easy to read graduations + 150mm ¢ Hardened spring & legs 
e Metric on one side and imperial 

graduations on the reverse side 


STAINLESS STEEL 


\. yf Pin Punch Set 
: ? ia * 03, 4, 5, 6, 7, 8mm 
Inside Inside Outside 4 BORTH enh 
150mm/6" = =300mm/12" 600mm/24" 1000mm/40" Divider Caliper Caliper miIMueng 
Digital Calipers 
e Metric, inch & fraction 0620 aezt "e2 %23 œa cag a rs 
e 4-way measuring 
Includes battery A 5 ben. 3 
Centre Drill Set 51 Piece - Precision 4 Piece Extra Long «mu 
e No. 1,2, 3, 4,5 Jobber Drill Set Countersink Set Hex Key Sets 
e HSS M2 bright finish 


Industrial quality 


* 51 piece set * HSS M2 Bright Finish with Ball End 
e 1-6mm in 0.1mm steps jase e Range: Ø2 - @20mm Imperial Set (H800) 


e HSS M2 precision e Angle 45° © 9 piece 
150mm/6" 200mm/8" ground e 1/16” - 3/8” 
Metric Set (H801) | 
e 9 piece 
¢ 1.5 - 10mm 
M738 M739 D508 D1285 D1051 
Precision Jobber Drill Sets ath at veri kag 
Precision ground flutes ril jarpener 9 Drill Press “a 
HSS M2 bright finish * Diamond wheel P Locking Clamp 
i p © 3-13mm or 1/8”-1/2” N ate 5 
25 Piece Metric (D1272) e Split point HAF * 2” jaw opening HL T 
e Range: 1-13mm SEON, 2AN motot —$— e Quick release lever TM -35L 
e 0.5mm increments : a e Swivelling jaw pad 3W LED Work Light 
29 Piece Imperial (01282) S e 3 x LED’s 
e Range: 1/16 - 1/2” ` e Flexible arms 
e 1/64” increments © 3 watt / 240V 
D1272 D1282 D070 C103 12814 
x 
GSK-3 SPD-20B 
Carbide Burr Sets 5 piece Gravity Feed Spray Gun Kit Pedestal Drills 
” 1/9» e HVLP spray gun system e 16mm drill capacity + 2MT, 16 spindle 
1/4” x 1-1/2” Shank Short Series e Standard pot with 1.7mm nozzle speeds ¢ Swivel & tilt table ol 


e Shank: 1/4" e SD-3 Ball: 3/8" 

e SE-3 Oval: 3/8" 

e SA-3 Cylindrical: 3/8" 

© SC-3 Cylindrical Radius End: 3/8" 
e SF-5 Tree Radius End: 1/2" 


1/4” x 6” Shank Long Series 
© Shank: 1/4” è SD-3 Ball: 3/8” 

e SD-5 Ball: 1/2” 

e SC-5 Cylindrical Radius End: 1/2” 
e Tree Radius End: SF-5 1/2” 
e Tree Pointed End: SG-5 1/2” 


e Small pot with 1.0mm nozzle TM 


¢ 1hp, 240V motor 
e Pressure regulator with gauge 


E = 
BUY EITHER D138 OR D140 © 


cord Power) and valid until 29-03-14 


NSW QLD VIC WA 
(02) 9890 9111 (07) 3274 4222 (03) 9212 4422 (08) 9373 9999 


1/2 Windsor Rd, 625 Boundary Rd, 1 Fowler Rd, 41-43 Abernethy Rd, 
Northmead Coopers Plains Dandenong Belmont 


www.machineryhouse.com.au 


CHECKS 


until 4.00pm Saturday 
29th March 2014 


x LED Light 4 Piece Telescopic Engineers File Set Second Cut Cast Iron Bench Vices 
elescopic Magnetic Inspection Set É e 200mm hardened & tempered files e Acme screw thread e Fitted width serrated jaws 
ick up Tool e Mirror extends 240 - 920mm E \ e Second cut: Flat, 1/2 Round, e Manufactured from cast iron ” 
ever s Pick up tool extends q j Round, Square, Triangular M 100mm 
Extends from 193 - 805mm 165.- 695mm À © NGUCES Cally case 
Includes 3 x AG13 batteries e 3.6kg fixed f 
& swivel head 
eI -2o 
magnetic pick up tool voss 
127mm 
M0006 M0009 F100 
vo89 vo90 
VHG-3U WHG-6 on 35-200 20-114 
igital Height & Depth ange Wood Working Digital Combination Set Outside Micrometer Set 
Used to set the depth of cut Height Gauge e 4 piece set e 4 Piece 


e 0-150mm measuring capacity 
e Horizontal & vertical measuring 
e Digital reading in mm, 
inches & fractions 
e Includes CR2032 
3V lithium battery 


«qm 


on table saws & routers 
Hole depth measuring 50.8mm 
0-80mm measuring range 
60mm wide aperture 
Digital reading in mm, 
inches & fractions 


«mu 


© 300mm / 12” mM e Resolution: 0.01mm mM 
e Metric & imperial rule e Range: 0-100mm 
e Cast iron ground finished e Easy adjustment for recalibrating 


e Carbide tipped anvils 


W644 W643 Q200 Q114 
urbo set 200 Package «jane GSP-795 WBT-38 CM-300 
bes aan ae IN Pneumatic Work Bech With Backing Panel 3-in-1 Pressbrake, Guillotine & Rolls 
Map-Pro Gas & aceite Round Stool e 1370 x 510 x 1570mm * 300 x 1mm steel capacity 
` e Adjustable shelves e Cast iron construction 


e 675-795 seat height 
© @360mm raced e Ball bearing slide drawers 


leather seat * Backing panel 


À k jo i suits opt. hooks 
INCLUDES =|‘, a ee & buckets 
Map-Pro Gas & r 
Oxygen Disposable `l 
Cylinders Á 


PACKAGE DEAL 
$339.. 


SAVE $43.80 


Disposable Cylinders 


(00181 & 00182) e Handle operates all functions 


A384 


HM-10 

Mini Mill Drill Mini Bench Lathe 

à Dovetail en e 180 x 300mm turning capacity BS-4A i e 
2 speed gearbox © 20mm bore, 80mm 3 jaw chuck Metal Cutting 

e Head tilts +45) e Electronic variable speed Band Saw 


e 350W 240V motor =m- 
e Travels: i 
(X) 225mm 
(Y) 100mm 
(Z) 190mm 


© 0.25kW, 240V motor 


e 150 x 100mm capacity 
e 3 blade speeds 

e Mitre vice 45° 

e 1/2hp, 240V motor 
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Publisher's Letter 


Cruise ships are technical marvels 


Just recently I took a short break and travelled on the 
Radiance of the Seas, down the east coast of Australia. 
This was my third cruise and each time I have come 
away mightily impressed by the fantastic range and 
depth of technology employed on these floating cities. 
The amount of technology in use affects virtually every 
ship-board operation and most of it is largely invisible to 
the passengers (because large areas of the ship are simply 
off-limits to passengers). And of course, even where it 
is clearly on view, the technology and its complexity is 
seldom understood or even noted by the vast majority of the passengers. 

The Radiance of the Seas was particularly interesting for me because it uses 
two 25MW gas turbines for propulsion. Most large cruise ships use two huge 
diesel engines. The gas turbines drive alternators which then power two 20MW 
electric pod drives at the stern. These can be turned to face in any direction so 
they can double as stern thrusters as well as being able to drive the ship in for- 
ward and reverse. 

But the gas turbines are used in a closed cycle, much like gas-fired closed cycle 
power stations which have the gas turbines drive alternators directly and then 
their exhaust heat drives a boiler to generate steam and drive another alterna- 
tor. In the case of the Radiance, the exhaust heat drives a 7.8MW steam turbine 
to generate electricity. For the passengers, the most apparent benefits of the gas 
turbines were the absence of vibration which is always present in a ship with 
large diesel engines, and the lack of diesel fumes. 

Apart from propulsion, lighting and air-conditioning, the ship also has evapo- 
rators and reverse-osmosis desalination to produce the huge quantities of fresh 
water needed every day. As well, all sewage and waste water must be processed 
to a high standard before being discharged overboard and waste food is macerated 
before it too is discharged overboard. Other heavy electrical loads are the eleven 
elevators throughout the ship and of course, the ship’s kitchens and laundry 
which must cater for up to 3300 passengers and crew. 

Apart from that, there are the complex systems which provide for public ad- 
dress, surveillance and fire safety all over the vessel, video entertainment, WiFi 
(in every cabin but you have to pay to use it!), all the systems in the casino, all 
the entertainment systems in the bars, dining rooms, gymnasium and so on. 

I should not forget the stabilisers which are a standard feature of every cruise 
ship. On the Radiance these are two 7-metre wings which protrude below the 
water line and which swivel constantly to “fly” the hull through the water as it 
powers along. Without them, cruising as we know it would be a far less comfort- 
able exercise. 

One piece of technology which was clearly on view and appreciated by those 
passengers who used it was employed in the pool tables which are gyroscopically 
stabilised. It works extremely well even though those who played pool found it 
quite a disconcerting experience as the tables moved markedly, to compensate 
for movement of the ship. 

So what was the most impressive feature? Clearly, this was on show each time 
the ship slowly berthed when it came into port and when it departed each eve- 
ning. It was awe-inspiring to watch as the 100,000 tonne vessel silently inched 
up to the pier, propulsion pods and bow thrusters intermittently operating, all 
under the control of a joystick and not a tug in sight! 

But the best moment for me was when the ship was leaving the International 
Terminal at Sydney’s Circular Quay. As the ship came abreast of the Opera House 
the fog-horn gave an almighty blast. Now that was a wonderful adrenalin-charged 
moment! But that is old fashioned technology, isn’t it? 


Leo Simpson 
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THE BATTERY ANALYSER SPECIALISTS 
The battery experts at Master Instrumente are the first port of call for anyone. oking 
into battery analysis or battery fleet maintenance systems ma equipment. 


Our expert team can tailor packages to suit your specific needs to ensure your rapid © 
return on investment outcomes are achieved & exceeded. 


(CADE 


The Cadex C7000 Series 2 & 4 channel battery analysers offers a platform that fulfills 
virtually all battery testing and conditioning needs. Suitable for most battery chemistries 
including NiCd, NiMH, Li-lon, Lithium Phosphate, Lithium Polymer, Lead acid and more. 


Connectivity is achievable via more than 1,500 custom SnapLock™ Battery Adapters 
or alternatively there exists neatly designed universal adaptors such as the Smart 
Cable, Flex-Arm & Rigid-Arm allowing for quick and easy setup saving valuable time 


The units can be used stand-alone, or with the optional BatteryShop™ software to 
capture test data and view graphical real-time results on your PC monitor. 


18 Automated Programs support all battery needs 

BA Auto | Charge | Prime | Quicksort 

ADVANCED Self Discharge | Life Cycle | Discharge Only | Extended Prime | Ohm test 
Run time | Boost | Quicktest | Q-Learn | Learn 

CUSTOM 4 Custom programs - Charge | Discharge | Recondition | Wait & repeat 


Battery Voltage Charge/Discharge Max Charge Power Max Discharge 
Range current (per station) (per station) Power (per station) 


C7200 (40 watts) 1.2V to 15.0V up to 4.0A 40 watts 35 watts 
C7400 (80 watts) 1.2V to 15.0V up to 4.0A 55 watts 35 watts 
C740ER (170 watts) 1.2V to 36.0Viiion up to 6.0A 75 watts 75 watts 


Vencon Ultimate Battery Analyser UBAS is a professional grade, very versatile, PC controlled, 
dual channel, battery analyser, charger and data logger with networking capability. 


UBA5 enables you to virtually analyse any kind of batteries with any kind of battery chemis- 
tries. Be it small button cells, big batteries; Alkaline battery chemistry, NiMH 

rechargeable batteries (both standard and LSD), NiCd rechargeable batteries to Li-lon & 
Li-polymer batteries; anything as long as it falls under the acceptable power, voltage and 
current range. : 


The Visual Battery Analysis Routine (BAR) designer is one of the strong points of the UBAS 
and allows the user to custom build battery analysis routines, providing endless possibilities. 


The UBAS tests all battery chemistries from single cells 
up to 37V packs; and from 20mAh to over 120Ah in 


Max No. of cells (in series) Nominal Battery 
that can be charged Pack Voltage 


NiCd / NiMH 25 cells 30.0V capacity. 
Lead Acid / Gel cells 17 cells 34.0V 
Li-lon / Li-lon Polymer 10 celis 37.0V 


If maximising the performance of your battery fleet is important to you, speak to on 
our battery experts about the Cadex or Vencon battery analysers today! 


Master Instruments Pty Ltd 


he A / (02) 9519 1200 (03) 9872 6422 
Master Instruments ; (08) 9302 5444 (07) 5546 1676 


sales@master-instruments.com.au i www.master-instruments.com.au 
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MAIEBAG 


Metal halide lamps 
are not expensive 

With regard to your article on replac- 
ing high-bay industrial lighting with 
LEDs, I’d like to make the following 
comments: 

(1) You quote 22,000 lumens for the 
output ofa 400W mercury lamp. That’s 
the output on day one. It steadily de- 
clines. You should replace them when 
it drops to 14,000 lumens. Replacement 
is more often due to that than failures. 

(2) These days “mercury” lamps of 
that sort often aren’t, unless they are 
old. They are metal halide. Real mer- 
cury lamps are progressively becoming 
illegal in more and more parts of the 
world. One of the issues in replacing 
overhead lamps is whether the fitting 
will only operate with a mercury bulb, 
can take either sort or requires a metal 
halide globe. They tell you it’s written 
on the fitting. But you’ve got to get up 
there to read it to find out or know how 
to tell the difference from the shape of 
the bulb that’s fitted. 


Suggested modifications 
for the GPS Tracker 

Having built the GPS Tracker 
which was featured in the November 
2013 issue, I have a few hints which 
might come in handy for other con- 
structors, daring to deviate from the 
original. 

First, when using the EM408 re- 
ceiver, do not stick this receiver with 
double-sided sticky tape atop the SD 
card cage. This is tempting but one 
shock later and the cage is destroyed. 

Instead of the down-converter, I 
used a LM7805 plus two 1N4148 
diodes to get the 3.3V supply. The 
7805 needs a small heatsink like 
TV5, 25°C/W or better. 

When using the unit from a bat- 
tery, put a 10kQ resistor from +V to 
OV to get the Tracker to write and 
close the file when the power is re- 
moved, otherwise a back feed from 


6 SILICON CHIP 


Letters and emails should contain complete name, address and daytime phone number. Letters to 
the Editor are submitted on the condition that Silicon Chip Publications Pty Ltd may edit and has the 
right to reproduce in electronic form and communicate these letters. This also applies to submissions 
to “Ask SILICON CHIP” and “Circuit Notebook’. 


(3) Neither mercury nor metal hal- 
ide globes are in fact “expensive” as 
the article claims. Twenty to thirty dol- 
lars for a 400W globe is not expensive. 

(4) You don’t have to get a scissor 
lift to change mercury or metal halide 
globes. You can get a long rod with a 
spring loaded elasticised fitting on 
the end that you can reach up from 
the floor and fit around the globe, and 
as you turn it, it grips the bulb and 
unscrews it. And it screws the new 
globe in. A lot of places that have these 
sorts of lights simply couldn’t clear 
the floor of equipment and bring in a 
scissor lift and park it directly under 
each light fitting. 

(5) With that ease of changing lamp 
bulbs and the low cost of bulbs, chang- 
ing to LEDs, for all their benefits, is 
not worthwhile for a lot of places. It’s 
far cheaper to pay for more electricity 
used than spend tens of thousands 
of dollars clearing the floor, hiring a 
scissor lift and an electrician, shutting 
down your business for the duration, 


the 7805 will prevent a proper low 
logic level to be presented to the 
microcontroller. 

Ben Heij, 

Little Mountain, Qld. 

Geoff Graham comments: firstly, I 
agree that using double-sided tape 
for fastening the EM408 is not the 
best mounting method. A better ap- 
proach would be to sandwich the 
module between two pieces of foam 
which will hold it securely when the 
lid is screwed down. 

Your suggestion for the linear 
power supply will not work in the 
long term. The power supply was 
designed to be as efficient as possi- 
ble and to keep the 3.3V supply up 
for as long as possible after the 12V 
supply is removed (as explained in 
the article). 

A lot of testing went into this and 
during this phase, simpler solu- 


and replacing all the mercury or metal 
halide fittings with LED fittings. 

(6) But for a new installation you’d 
be crazy not to go LEDs. You do have 
to remember though that when one 
does eventually fail you probably will 
have to spend a lot of money replacing 
not just the equivalent of the globe 
(the LED element) but also the whole 
fitting. That very significantly affects 
which is the better proposition in the 
long term. 

(7) Mercury and metal halide fittings 
— meaning the ballast — are passively 
cooled. LED fittings and elements can’t 
operate at high temperatures. They are 
often fitted with a fan. That fan is a 
source of unreliability. Small wattage 
high-bay LED fittings don’t require 
fans but you have to install and replace 
more of them. Bigger units may have 
fans and may fail prematurely in some 
environments because of that. 


tions using a linear regulator were 
rejected. Your modification might 
work now but it will be marginal and 
will not give enough time to save and 
close the files if the battery voltage 
is low, or if there are a number of 
files to close or when the 4700uF 
capacitor has aged and lost some 
of its capacitance. As a result some 
files will be recorded with a zero file 
length and your computer will report 
that the file system on the SD card 
is corrupted. 

Finally, the 10kQ resistor is not 
required when the GPS Tracker is 
connected to a car battery as the car’s 
electrical system will promptly pull 
the 12V power to ground. You were 
probably testing it using a bench 
power supply and shutting it down 
by open-circuiting the power to the 
Tracker. In that case a pull-down 
resistor would be required. 


siliconchip.com.au 


Car radios have 
good AM reception 

I was interested to see the Mini Entertainment Unit 
project in the February edition. I live 100km north- 
east of Perth in a house that is comprehensively RF 
shielded. It is steel-framed with foil ‘sarking’ in all 
the walls, foil-lined insulation under the floor, foil- 
lined ‘air-cell’ lining under the roof and a corrugated 
metal roof. 

While the window apertures allow some FM recep- 
tion, AM is impossible. Being aware of the fact that 
reception was good in car radios, I bought a cheap one 
from JB Hi-Fi. In this case, I wired it to the speakers 
in an old defunct cassette/radio. I ran an extended 
antenna lead through the wall via a wall-plate and up 
to a car radio antenna mounted on the verandah roof. 
The radio is powered by a12V 1A regulated plugpack. 

While not ‘hifi’, it gives reasonable sound and good 
clear AM reception. This is particularly important in 
summer-time when the Perth ABC stations broadcast 
regular bushfire status updates. 

Joe Edgecombe, 

Coondle,WA. 


(8) If I was replacing mercury or metal halide lighting 
with LEDs I’d look first at “street light” type fittings rather 
than high-bay fittings. Many of the street light ones have 
lots of LEDs run in series so they can be connected directly 
to the mains voltage so they are as reliable as the LED ele- 
ments — rather than that reliability being reduced by an 
electronic “ballast” that will fail sooner; much sooner if 
it overheats. 

Gordon Drennan, 

Burton, SA. 


E-cigarette criticism 
is unwarranted 

I would just like to say, what a lot of pessimistic, unedu- 
cated, one-sided piffle the Publisher’s Letter on E-cigarettes 
in the February 2014 issue was. It was full of personal 
opinions, very little fact and a bunch of propaganda thrown 
in. You are openly calling people delusional. 

Not all users of Personal Vapourisers smoke with nico- 
tine. How can you assume that, with zero knowledge of 
peoples’ personal usage? If you knew anything about the 
people who use them, you probably wouldn’t listen any- 
way, due to your closed-mindedness of what is the best 
NRT (nicotine replacement therapy) ever. 

Now, let’s assume that a person is using a liquid that 
contains nicotine. Do you know anything about the nicotine 
levels in these juices? What does “to contain nicotine” mean 
to you? You have no idea is the answer, as the nicotine 
levels in these juices, even in high concentrations, are still 
less than what is in the equivalent usage of a cigarette. 

You make no mention of the fact that sale of nicotine- 
based products in this country, in particular the juice used 
in PVs, is illegal. So each person who is using nicotine in 
their liquids is making a conscious decision to import it 
for their personal use. To assume that every PV user has 
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of class 


IC-7100 


Introducing the new IC-7100 
multi-mode amateur transceiver. 


Featuring an intuitive remote head 
touch screen display, D-STAR 

DV mode communication and 
intelligent auto-tuning operation 
with the optional AH-740 antenna. 


AH-740 


D-STAR HF Antenna 


To find out more about our latest products, 


call Icom on 03 9549 7500 


or visit www.icom.net.au 


ICOM 703 
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' ANI OGIC ANALYSER 
_ Saleae are renowned for their sleek, light- 
~ weight software and high quality Logic 
Analyser products. The “Logic” model 
provides debugging of 8 digital waveforms 
such as 12C, SPI or general digital IO lines. 
SKU 022-LOGIC 


BEGINNER KIT FOR ARDUINO 


This is a great kit designed for those 
that are new to Arduino and/or 
microcontrollers. Over 100 parts 
included. Tutorials available 

online - just visit our site for links! 
SKU DFRO100 


MICRO USB LI-POLY CHARGER 
gS) This is a tiny little lipo charger, it’s so 
handy you could keep it any project 
3 & box! It’s also easy to use. Supports 
p 3.7V/4.2V LiPoly and Lilon batteries. 
SKU 1304 


XRF WIRELESS RF RADIO MODULE 


This is one of Ciseco’s flagship wireless z 
modules. Up to 1km range, supports various qe 
frequencies and has an over the air data 

rate of 250Kbps (max 500Kbps). Works out 

of the box - what you send from one XRF 

module appears on all others. sku 005-R001 


DISTRIBUTORS FOR 


: FRROBOT 


Kada ruit OO Se oe ane 
RIGOL “°° & saleae 
ta CISECO 


RIGOL 50MHZ DSO 
The DS1052E caters for all of the features 
that hobbyists would need, including: 
1GSa/s, 50Mhz bandwidth, 64k TFT Vivid 
Color LCD and easy screen capture. 
SKU DS1052E 


SENSOR SET FOR ARDUINO 


A handy sensor kit for any hobby 
bench. Kit includes ambient light, 
touch, magnetic, vibration, tilt and 
greyscale sensors (amongst others). 
Code examples are available online. 
SKU DFR0018 


$33 
a A a 
$ & 


50PK 5MM LEDS 
Perfect for prototyping and projects. A 
total of 50 pieces which includes 10 per 
colour. SKU 018-04-5MM-LEDS-50PK1 


NEOPIXEL RING - 16X RGB LEDS ( $13.23 


‘Round and round and round they go! 16 ge" 
ultra bright smart LED NeoPixels are 
arranged in a circle with 44.5mm outer 
diameter. The rings are 'chainable' 
connect the output pin of one to the input 
pin of another. sku 1463 
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Mailbag: continued 


nicotine in their liquid is just another example of how 
poorly you let your hatred for smokers in general guide 
you whilst writing this article. 

Why are the cigarette manufacturers getting interested? 
It is purely because they see a money-making venture. If 
people stop smoking cigarettes, they don’t make money. 
No doubt the government will back this scheme, imposing 
taxes on PVs and their juices just as they do with cigarettes, 
in their failed attempt to stop people smoking. Clearly, 
the health of this country’s citizens comes second to the 
government’s need for money, otherwise they would be 
banned altogether. 

On what basis can you say they are just as harmful as 
tobacco-based products? Is it not OK to have removed the 
4000 other toxic chemicals that were’ formally inhaled 
daily? 

Next time you cross paths with a smoke machine, remind 
yourself that you are breathing in the same “toxic vapour” 
that is emitted from a personal vapouriser — vegetable glyc- 
erine. This is clearly a highly toxic substance that every 
child breathes in at the local school disco. Now now, we 
can’t have that, can we? Will next month’s editorial be 
based on the dangers of fog machines? 

Further, you may note the secondhand vapour effects. 
The same vapour that is in fog machines. In the concentra- 
tions used in a personal vapouriser, it dissipates within 
seconds. 

Comparing personal vapourisers to LSD — on what 
grounds can you make such a horrendous claim? A hal- 
lucinogenic drug and a chemical free personal vaporiser! 

And you make a pretty poor recommendation to schizo- 
phrenic patients. I suppose, due to the toxicity of the vegeta- 
ble glycerine in the juice, it would be severely detrimental 
to their condition wouldn’t it? And adding nicotine to the 
mix, which is medically approved for these patients as a 
treatment would be more of a farce would it? 

I would like to have cited your sources when you say 
they offer no benefit in quitting smoking. Once again your 
closed-mindedness has failed to let you step off your soap- 
box and delve into the truth. I can put you in touch with 
thousands of ex-smokers, who all quit with the assistance 
of a personal vapouriser. In instances where every other 
NRT product failed for them, and often gave them serious 
side effects. I have direct family members, who after 30 
years of trying to quit cigarettes, are now finally smoke free; 
some with the use of nicotine, some without. 

I should also mention the numerous white papers pro- 
duced on the key benefits of nicotine in a wide range of 
medical areas. These studies outline how nicotine can be 
used in a number of ways to treat a number of ailments, 
despite its toxicity. If you did any research into the topic, 
you too would be aware of these. Then again, you would 
call it all lies and rubbish, because you have formed a 
personal opinion and won’t step aside from that. 

I am pretty certain this will not be the only response to 
this editorial and I would never expect mine to be published 
but what’s the bet that not a single letter regarding this edi- 
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torial, unless in complete agreement 
with the editorial, will be published? 
Nash Kovacevic 
Highett, Vic. 
Comment: the glycerin or glycol used 
in fog machines has low toxicity. 
Nicotine is highly toxic. Nor does there 
appear to be widespread medical en- 
dorsement that personal vapourisers 
are a safe or effective nicotine replace- 
ment therapy. 


E-cigarettes less harmful than 
conventional cigarettes 

The Publisher’s Letter on E-ciga- 
rettes concerns me. The argument that 
because cigarette companies want to 
get into that market means it is BAD is 
irrational. Should big business get to 
make E-cigarettes, you would expect 
regulation unlike the status quo (where 
the fluid supplied may not even con- 
tain nicotine). 

Ten (10) current E-cigarettes would 
have to be smoked in a confined area 
to create the same nicotine level in 
passive smokers that one (1) normal 
cigarette does. There is no toluene or 


Obtaining a car radio for the 
Mini Entertainment Centre 

With respect to the Mini Entertain- 
ment Centre presented in the Febru- 
ary 2014 issue, I have been in contact 
with my nearest JB Hi-Fi store who 
advise that the $70 AM/FM radio 


was a super-special funded by Sony. 
The price now remains at $148. 
The salesman suggests that I keep 
an eye on their website for future 
specials. I’m not interested as this 
means scrolling through 60+ pages 
in the “car” category. Could I suggest 


heavy tars that contribute to pulmo- 
nary disease. However, heavy metals 
are released, much the same as from 
a soldering station. This needs regu- 
lating. 

All chemicals are potential poisons. 
Toxicity depends on use, education 
and regulation. Nicotine can be used 
therapeutically and comparing its ca- 
pacity to poison with strychnine and 
arsenic is inappropriate. Paracetemol 
is readily available, unregulated in its 
supply, and more than eight (8) tablets 
(4 grams) in 24 hours can cause liver 
failure in an adult. 


that you print an explanation in the 
next issue? 

David Voight, VK3FDV, 

Kirwans Bridge, Vic. — 
Comment: it’s quite easy. As soon 
as your email arrived, we found 
the day’s specials from JB Hi-Fi at 
www. jbhifi.com.au/car-sound-gps- 


navigation/mp3-cd-tuners/ 
This showed a choice of suitable 


CD tuners as they are called, from 
Sony, Pioneer and Kenwood, all un- 
der $90, including the Sony model 
suggested in the article, at $74. 


Asanon-smoker, allergic to cigarette 
smoke, E-cigarette smoking is less 
offensive to me. The toxicity to the 
smoker may have to be further clarified 
but for now, user beware. 

Henry Berenson, 

Macgregor, ACT. 

Comment: E-cigarettes are presently 
being marketed on the basis that they 
are less harmful than conventional cig- 
arettes, which is true. However, once 
they are made and heavily promoted 
by the major tobacco companies, it 
could easily give the impression that 
they can be smoked with impunity. But 


Features: Features: 
e Output voltage rating: 80V/800V; output power rating: 400W/800W e Output Power —30dBm to OdBm in1 dB Steps 
e Multi range power operation to accommodate a broad range of appli- e Frequency range 35MHz to 4.4GHz 
cations e Spectral purity 107dBc/Hz, dwell time 1ms, frequency offset setting 


e Series and parallel connection to provide flexibility for extended power 


utilisation 
Booster unit for extended power capacity 


External analog control interface 


A Please quote code: SIGW0314. 
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Standard Interface: RS-232C / USB / analog control Interface 


+50kHz, frequency resolution 10kHz 


e Provides continues wave (CW) signal outputs without any signal 


modulation function 


Mac OS X 


OCP, OVP and trip alarm for DUT and instrument protections e Compatible with Windows 2000/XP/Vista/7/8, Linux, Android and 
90° angle rotation rotatable control panel for vertically or horizontally 


e Operation modes: fixed frequency, frequency sweep, frequency 


www.tekmark.net.au e Call 1300 811 355 or email enquiries@tekmarkgroup.com 


hopping and power sweep 


GW INSTEK 


Simply Reliable 


MARCH 2014 9 


10 


Incredible 
Hobby, Home 
Learning, Fun 

and Project 
Electronics! 


EtherTen - Arduino 
web server, 
datalogger and more 


LeoStick - pocket sized 
USB stick Arduino 
compatible with 
RGB LEDs, 
Speaker 


Full Colour 
OLED Display 
for Arduino 
and 
Raspberry Pi 


Silicon Chip Readers, use 


discount code “SC14A” for 


20% off until May 2014! 
www.freetronics.com 
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Mailbag: continued 


Signal booster 
for mobile phones 

With respect to the answer on sig- 
nal boosters for mobile phones (Ask 
SILICON CHIP, February 2014, page 
99), there is an inexpensive way to 
boost signal for some small devices 
like mobile phones and WLAN base 
stations. It is the corner reflector 
antenna. The internal antenna of the 
gadget is used instead of where the 
dipole would be in a typical corner 
reflector. The reflector itself is a V- 
shaped thin copper or aluminium 
plate or aluminium bars. It needs 
to be fairly even, like copper-clad 
PCB material or aluminium foil with 
good backing. 

A 60° V-corner seems to give the 
best gain. There are several good web 
pages with building instructions, like 
www.gsl.net/ve3rgw/corner.html 

Both sides are 430 x 250mm for 
880MHz. The distance(s) of the 
phone from the corner needs to be 
found by experimenting, starting at 


that is clearly not the case. Overseas, 
there is rising incidence of nicotine 
poisoning among E-cigarette smokers. 


Solution to poor 
mobile phone reception 

The February 2014 issue had a 
question from someone who has a 
problem with phone reception. We 
are in a known phone black spot, with 
telephone lines that Telstra has admit- 
ted can’t handle data and very patchy 
mobile communications. 

Every month or so, I am on-call for 
work, so I need to be contacted by vari- 
ous people and due to the crook recep- 
tion, I have to stand on the veranda of 
the house to receive or make telephone 
calls. That is somewhat inconvenient. 

My Blackberry didn’t have an aerial 
socket, so an external antenna wasn’t 
an option. If the phone was placed on 
the bedside table at just the right angle, 
I could receive texts and emails and 
even though the phone would ring, 
calls wouldn’t hold up, so I would 
just walk outside to take them. Again, 
inconvenient but workable. 

Then along came some new phones 


about 160mm. The structure sup- 
porting the phone needs to be of light 
wood or plastic. The corner reflector 
is relatively wide bandwidth and it 
needs to be, because the receiving 
and transmitting frequencies are 
about 40MHz apart. I have not tried 
it but this arrangement should give 
over 10dB gain for receiving and 
transmitting. 

The open side of the V-shape must 
point to the base station within +10° 
accuracy, with open space as much 
as possible in front of the antenna 
(ie, line-of-sight transmission). It is 
better to use the phone hands-free, 
because the reflector also reflects 
sound away. Some tablets and smart 
phones have odd-shaped internal 
antennas, which makes it difficult 
to focus within a corner reflector. In 
some cases the reflector may cause 
internal mismatch, which may lower 
the transmitter power. 

Sakari Mattila, 

Canberra, ACT. 


— Apple iPhone 4s for all. Suddenly 
there was no phone reception at all 
inside, no data or emails and the Ap- 
ple also had no external aerial socket. 
An iPhone 5 was tried but still didn’t 
work. Then I tried an iPhone 5C and 
it was marginal at best. During all this, 
we signed up to Telstra Bigpond wire- 
less for internet at home and to give 
Telstra their due, they have got their 
act together over the last few years. 

We opted for a 6.5dBi gain Omni 
aerial, which I mounted two metres 
above the roof line and it worked — 
4/5 bars of signal and enough speed 
to watch movies on line. There had to 
be a way of getting mobile reception 
inside, so Telstra was approached and 
a phone repeater unit, called a “Smart 
Antenna” was purchased. 

The instructions were woeful (one 
page with some diagrams) but with 
a little experimenting, it works very 
well. The system consists of two parts, 
the window unit and the coverage 
unit. The window unit is designed to 
mount beside a window and pick up 
the mobile signal, which is relayed to 
the coverage unit placed some distance 
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away. How far you ask? 

Some tests were carried out and it 
would seem that up to 100 metres line 
of sight is usable. This means that one 
unit will cover a sizeable workshop 
and yard area, with mobile coverage 
extending in excess of 200 metres in 
the open; not a bad improvement. 

The window unit was mounted in 
the garage and has an external aerial 
socket. This was connected to a small 
Yagi aerial. An adapter will be needed 
to connect an external aerial to the box 
and you will probably need to loosen 
the nut on the socket to allow enough 
“wriggle room” to screw the adapter 
in. The coverage unit was placed on 
top of the fridge inside. 

Here the instructions are vague. I 
found that the best thing to do was 
to get the maximum signal into the 
window unit possible, as indicated by 
the number of green LEDs that light up 
on the front of the box. Then try differ- 
ent mounting places for the coverage 
unit to get the highest number on its 
display. Aim for 8 or 9 but in practice 
2 or 3 will work. 


Powéred by 


Iti-instrument” 


Miulti-lnst: 


Software - FREE to download 
and try with your sound card 
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Valve radio could be 
popular project 

I’ve just finished building my first 
valve radio and it’s turned out pretty 
well. The idea came from The Radio 
Board website over in the US but 
some of the extra info.came from an 
old article by Rodney Champness at 


http: Toe siliconchip.c com.au/ 


I Tene ie finished tidying 
up the wiring yet but it works re- 
ally well and I’m wondering about 
maybe the magazine revisiting that 
idea. Jaycar does sell several valves 
and the 8-pin and 9-pin valve sock- 
ets. 7-pin valve sockets and some 
very nice silver mica caps etc can 
be bought cheaply from EVATCO 


How many phones will it operate at 
once ? No mention is made of this in 
the instruction sheet but we have had 
four operating at once without trouble. 
The data side of the repeater box isn’t 
as good, as when accessing the internet 
from a smart phone, the speed isn’t 
blinding as would be suggested from 
the signal strengths indicated. It still 


by mail order, so those parts are S 


gettable. 

Tuner caps (365pF) can be ordered 
overseas from MTM Scientific in 
the US at www.mtmscientific.com/ 
capacitor.html I’ve dealt with them 
several times before and they always 
give you what you pay for and it 
comes in just over a week. 

The Xtal Set Society also supplies 
metallised tuner caps and other 
basic parts such as Fahnstock clips. 
See www.midnightscience.com/cat- 
alog5 himl#part2 

So there are suppliers who can 
provide all of the parts necessary 
for such a project. 

Austin Hellier, 

Brisbane, Qld. 


works adequately though and enables 
the sending and receiving of emails 
and so on. 

The price is around $800 from Tel- 
stra. And yes it is approved, so there is 
no danger of getting pinged for using 
an unapproved device. 

Peter Laughton, 

Tabulam, NSW. SC 


Test & Measurement 


PC Based All-in-One 


Solution 


Sampli 
from 100 


Banwitdth: 
from 40MHz 


Price: 
from $199.95 


Virtins Technology 


www.virtins.com 


DC Accuracy: 


Measure at 
your fingertips! 
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Digital Cameras 
Come of Age 


For many people, especially those under 20 
years of age, a digital camera has been the 
only way to take a photo. Compared with 
the 188-year history of photography, the 
rapid progress of digital cameras has 
been truly been remarkable and one can 
only wonder, now, how we put up 

with the hassles and horrors of silver 
halide photography. 


by Barrie Smith 


e438 
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The first digital camera, developed 
by Steven Sasson (pictured) and 
Gareth Lloyd of Kodak was used 
to take a B&W image of Kodak lab 
technician Joy Marshall in December 
1975. It weighed 4kg, took a 100 x 100 
pixel image and took 23 seconds to 
write the image to cassette (top right) — 
and the same time to read it back! 


years, then began to delve into digital cameras specifi- 
cally about 20 years ago. So the original title of this story 
was 20 Years of Digital Photography. Oops! 
In scraping only the top few layers of dust off my files I 
- began to realise my early involvement with pixel pictures 
went back a good deal further than 20 years. 
But then I woke up to the fact that digital photography 
far preceded my own involvement and level of curiosity. 


Where did it start? 


According to Wikipedia, the first digital image was pro- 
duced in 1920 by the “Bartlane” cable picture transmission 
system, a method developed by British inventors, Harry G. 
Bartholomew and Maynard D. McFarlane. 

The process consisted of ‘a series of negatives on zinc 
places that were exposed for varying lengths of time, thus 
producing varying densities.’ The Bartlane cable picture 
transmission system generated at both its transmitter and 
its receiver end a punched data card or tape that was recre- 
ated as an image. 

1951 saw the first video images recorded to magnetic 
tape, as analog signals. By 1956 Ampex had launched the 
revolutionary video tape recorder (VTR) and the American 
public saw the first TV program rebroadcast from tape on 
November 30, 1956. 

The first flyby spacecraft image of Mars was taken from 
Mariner 4 on July 15, 1965 with a camera system that used 
a video camera tube whose images were processed by a 
digitiser, rather than a mosaic of solid-state sensor ele- 
ments. We cannot strictly call it a digital camera but it did 
produce a digital image that was stored on tape, for later 
slow transmission back to earth. NASA also used comput- 
ers to enhance these images. 

Texas Instruments patented a film-less electronic cam- 
era in 1972 — a first. However it was the invention of the 
charge-coupled device, or CCD, in 1969 that really propelled 
the digital capture and storage of photographic images. In 
1973 Fairchild Instruments delivered the first commercial 
capture opportunity with a 100 x 100 pixel CCD earlier 
developed by Bell Labs. 

This was taken up by Steven Sasson, an electrical engineer 
at Kodak who, with associate Gareth A Lloyd, produced the 
first working digital camera in 1975. The device used an 
analog-to-digital converter ‘stolen from a digital voltmeter 


I: been writing about cameras of the film variety for 


The 1981 Sony 

| Mavica, the first 

© commercially 
available 
electronic still 
camera — actually 
a video camera 
that took 570 x 
490 pixel freeze- 
frames. 
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The Dycam was 
the first totally 
integrated 
computer-oriented 
point and shoot 
digital camera to 
arrive in Australia. 


ae 


application’ plus a Kodak Super-8 movie camera lens. The 
digital data was recorded onto a portable digital cassette 
instrumentation recorder. 

Taking its first picture (in B&W) December 1975, Sasson’s 
camera weighed nearly four kilograms and carried only 0.01 
million pixels of memory leading to a 100 x 100 pixel image. 
This image took 23 seconds to record onto the cassette and 
another 23 seconds to read off a playback unit onto a TV. 

At the time Sasson predicted that digital cameras would 
be viable in 15-20 years. Good guess: Kodak launched its 
first commercially available camera in 1994 — 19 years 
after Steve’s invention. 

A video interview with Steven Sasson is well worth watch- 
ing. Go to www. youtube.com/watch?v=wfnpVRiiwnM 

In 1981 Sony released the Sony Mavica electronic still 
camera — the first commercial electronic camera. Images 
were recorded onto a mini disc and then placed in a video 
reader connected to a TV monitor or colour printer. Even 
though it started the digital camera revolution, this early 
Mavica is not a true digital camera. It was a video camera 
that took video 570x490 pixel freeze-frames. 

By 1986 Kodak scientists had invented the world’s first 
sensor capable of recording 1.4 million pixels. It could 
produce a 12.5x17.5cm digital photo-quality print. In 1987, 
Kodak released seven products for recording, storing, ma- 
nipulating, transmitting and printing electronic still video 
images. 1991 saw Kodak release the first professional digital 
camera system — the DCS100, built from a basic Nikon F3 
SLR camera body and a 1.3MP Kodak CCD camera back. 


Dycam 

In early 1992, I had a close look at the unusual Dycam 
(aka Logitech Fotoman), which I described as the ‘first to- 
tally integrated (hardware and software) computer oriented 
“point and shoot” digital camera to arrive in Australia.’ 

Neither still, nor video camera, hand-shaped and a us- 
ing a hybrid of both technologies, it looked like neither. 
It took 320 x 240 pixel B&W images (PICT or TIFF), 32 of 
which would fill the camera’s 7.5MB of DRAM. The 8mm 
lens was fixed focus, imaging to a 1/3rd inch CCD packed 
with 90,240 pixels. 
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8mm lens and could take 
eight 640x480 images. 


The 32 images would remain in memory, without a battery 
recharge, for about one day! 

One oddity: because the CCD captured the images with 
off-square pixels it was necessary to rescale the pictures by 
increasing the vertical proportion by 18%. Price: $1705. 


QuickTake 


The arrival of Apple’s binocular-shaped QuickTake 100 
camera (built by Kodak) in May 1994, was a landmark. At 
the time of my review I described it as having ‘some pluses 
and some minuses: no film to load, no wait for processing 
and — if your images are to end up inside a computer — no 
scanning ... On the minus side, the camera had a maxi- 
mum capacity of eight shots (at top resolution), no focus 
or exposure controls and possesses the most rudimentary 
flash system. 

But it did have an internal flash! 

If you’re curious, the manual can still be downloaded 
from http:/Amanuals.info.apple.com/MANUALS/0/MA690/ 
en US/0306161AQT100UG.pdf 

The first QuickTake, model 100, was fitted with an 
f2.8/8mm lens, equivalent to 50mm in 35mm SLR-speak. It 
could take eight 640x480 images, written to one megabyte 
of EPROM flash memory in the camera’s QuickTake format, 
then externally converted to PICT or TIFF format. No space 
saving format such as JPEG in those days! Cost: A$995. 


Above: Kodak’s DC40, released in 1995, while at right is 
a more recent Kodak camera from 2003, the EasyShare 
DX6490, with the (then) enormous zoom range of 10x. 
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The Casio QV-10, released in 1995, was the first digital 
camera with a built in LCD monitor, and is credited with at 
least kick-starting the whole digital camera revolution. 


My comment on the picture quality of this camera was: 
‘Colour quality ... surprisingly good, well saturated and, 
provided your exposure was within the ball park, a little 
judicial fiddling with Photoshop ... could reward you with 
excellent results.’ 

This was followed a few months later by the Kodak DC40 
in 1995, the Casio QV-10 (first with an LCD screen), and 
Sony’s first Cyber-Shot camera in 1996. 

Retail stationery company Kinkos and Microsoft both 
collaborated with Kodak to create digital image-making 
software workstations and kiosks which allowed customers 
to produce CDs and prints. Hewlett-Packard was the first 
company to make colour inkjet printers that handled the 
output of digital images. 

While Kinkos has gone the way of the dodo, surprisingly 
these retail printing outlets are still extremely popular at 
outlets such as Officeworks and Big W as mums and dads 
sit at the easy to use workstations and pump out 10x15cm 
prints at 9 and 15 cents respectively. Perhaps this popular- 
ity is not so surprising when you compare the alternative 
to printing your 10x15cm snaps as printer manufacturers 
such as HP, Canon and Epson continue with their rapacious 
pricing policies of ink cartridges, let alone the cost of self- 
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purchased printing paper. 


Progress 


At this point digital cameras were still relatively primitive. 

What was needed for the technology to really take off was 
an increase in resolution, a rise in image quality, smarter 
and faster internal processing, more sophisticated storage 
methods, better lenses with a longer zoom range. All of this 
happened over the next decade and we’re still progressing. 

From this distance it is truly amazing that the early digi- 
cams, such as the first QuickTake and the Dycam 1 caused 
so much excitement, especially if you consider their image 
resolution as measured in pixels. 

The usual rule-of-thumb to determine final print dimen- 
sions is to divide an image’s resolution by 300 (inches) or 
118 (cms). So, the QuickTake’s 640x480 pixel images could 
produce a print 2.13 x 1.6 inches or 5.42 x 4.1cm in size. 
In recent years, with a ‘decent’ quality digital image, the 
300/118 factor has been found to be ‘stretchable’ to 200/79 
(inches/cms) 

My first printer capable of working with digital images 
was a C Itoh ImageWriter dot matrix model, marketed by 
Apple. It weighed a ton, cost a motza and produced atro- 
cious prints. This printer was better suited to text output 
and even then its quality compared badly to today’s inkjet 
models, which appeared in the 1980s and made by such 
companies as Canon, Epson, HP and Lexmark. 

Today, the quality of 21st century prints made by photo 
quality printers — both inkjet and dye sublimation methods 
as well as some colour laser printers — is truly remarkable 
and easily rivals the best made by traditional photographic 
methods. 

In camera sensors, today’s digital cameras use a CCD or 
(increasingly) a CMOS image sensor. 

CCD and GMOS sensors convert light into electrons. While 
there are numerous differences between the two sensors, 
they both read the value of each cell, or pixel, in the image. 
The more pixels in the sensor, the more detail it can capture 
and deliver larger output in the way of an acceptable print. 
Or so you would think: in recent years consumers have been 
persuaded to assess comparable digicams by comparing the 


Canon’s PowerShot 
SX50 HS has an 
exceptional wide/ 
telephoto zoom, 
asseen _&@ 
below. 


megapixel count of each. 

But those clever camera makers have shrunk the size of 
each pixel, so now a $200 camera can have a sensor with 
the same pixel count as a $2000 digital SLR (DSLR) ... but 
the latter’s sensor will be larger, so the pixels are larger and 
less likely to produce artefacts such as noise. 

Another difference between sensors is dynamic range 
with (naturally) less expensive cameras usually delivering 
lower range. 

Early cameras relied on limited internal memory but, as 
demand for increased resolution rose, so did.the need for a 
better method of storage. 


Enter the flash memory card 

To my mind this is an incredibly clever device which 
first saw application in digital photography in the form of 
the CompactFlash card, quickly followed by SmartMedia 
(both of which are now largely superseded), Sony’s Memory 
Stick (in all its variations) and most recently the MultiMedia 
Card and SD card (and variations). In most cases, the MMC 


Canon’s recent PowerShot SX50 HS with a 50x zoom has a 35 SLR equivalent of 24mm to 1200mm in range. These 
views of Narrabeen Lagoon demonstrate its capabilities — the telephoto shot on the right is of the area marked by the red 
rectangle on the wide-angle shot at left. Can’t see it? Look closer! You needed to bear in mind that, as the manual states, 
‘using the tele end of the zoom will see you face off atmospheric haze.’ 
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This to scale (but not to size) image shows the evolution of flash cards over the years. The CompactFlash and SmartMedia 
cards (at left) have been largely superseded; even the still very popular SD (and MMC) cards have given way to very 


much smaller SD variants, driven by their popularity in mobile 


phones and tablets. The tall blue card is the original Sony 


MemoryStick; it too has been largely replaced by Sony’s Memory Stick PRO Duo and M2. At right is Fuji’s proprietary XD 
card which proved quite unpopular as (like the Sony) it fitted little else and most computers didn’t sport XD card readers. 


and SD cards are interchangeable if they are of the same 
physical format. Incidentally, some incantations of SD 
cards especially have different names, dependent on the 
manufacturer — for example SD and T cards. 

Aside from Sony with its proprietary Memory Stick cards, 
two companies (Fujifilm and Olympus), saw a market op- 
portunity and launched the xD-Picture Card, usable by only 
these company’s cameras. By 2010 the card was obsolete due 
to its inability to match the write/read speed of Compact- 
Flash and SD cards as well as the enormous takeup of the 
latter (especially the miniature versions) by mobile phones. 

The market battle at the consumer level today is between 
cameras offering not only high ‘pixel populations’ but also 
extensive zoom specifications. 

I well remember an early Kodak camera, the EasyShare 
DX6490, which had (to me) the enormous zoom range of 
10x and sold for $1099. Called ‘maxi zooms’, these digicams 
with enormous zooms had enormous appeal and the category 
was topped by Canon’s PowerShot SX50 HS that boasted 
a 50x zoom that ran from a 35 SLR equivalent of 24mm to 
1200mm in range. I say ‘was’ because news has just come 
through that Panasonic now have a Lumix DMC-FZ70 with 
60x zoom and a 16 megapixel sensor! 

But all is not rosy in maxi zooms of this range: move 
from the maximum wide angle to the tele end and the 
maximum aperture of f2.8 quickly shrinks to f6.3! That’s 
fine for brightly-lit (ie, sunny!) scenes but not good indoors 
or at night. 


Mark Ili 


Top level DSLRs like Canon’s 
EOS Mark 5 III, Sony NEX-7 and 
Nikon’s D4 model are used in TV 

drama and feature film production to 
capture the action that ends up on the giant movie screen. 
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My review of the Canon camera at the time pointed out 
that, while the image quality was ‘above average’, you 
needed to bear in mind that, ‘using the tele end of the zoom 
will see you face off atmospheric haze. The shot of the bridge 
shot at full tele and shown here was 1.8km away. 

To use it: ‘hard to deal with, you need some patience, a 
decent tripod and suitable subject matter to use it satisfac- 
torily ... if you plan to do any amount of long lens shooting, 
go get. yourself a decent tripod; try out the camera in the 
store before you buy and avoid wobbly legs!’ 

My full review is at: http://digital-photography-school. 
com/canon-powershot-sx50-hs-review 

Today most cameras will capture and write image files 
in JPG (usually referred to as JPEG) or RAW formats. With 
JPEG it’s a balancing act between compression, faster 
memory capacity ... and of course, image size: at the high- 
est compression level the image size in bytes can often be 
reduced dramatically. 

A compression factor of 10:1 can often have little effect 
on the picture quality. An image of minimal detail will 
compress to a smaller file in bytes than an identically sized 
image of maximum detail. 

For example, images with large areas of sky will suffer 
less and compress to a smaller size in megabytes. A crowd 
of faces will tolerate less compression and lead to a larger 
file size. 

JPEG is also unsuited to multiple edits and saves — some 
image quality will usually be lost each time a picture is 
decompressed and recompressed. A rule-of-thumb is 5-10% 
each time. The ideal approach is to save the ‘master’ JPEG 
immediately after it is downloaded from the camera and 


Facing off the DSLRs in movie work are the more 
traditional, purpose-designed video camera/recorders such 
as the Arri Alexa. 
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Sony’s NEX-3NL “prosumer” 16MP camera — as small and 
light.as a point-n-shoot but with interchangeable lenses — 
said to have the best image quality of any compact camera. 


work with copies for subsequent image processing. 

The RAW format is increasingly seen on even mid-range 
fixed lens digicams and is regarded by many experts as the 
ideal way to deal with digital camera images, as a RAW 
image is written to memory from minimally processed data 
transferred from the image sensor. However, unprocessed 
these files are not printable nor editable with most software. 

RAW images need to be converted to other formats (TIFF, 
JPEG etc) to undergo subsequent transformation or output. 
Some cameras, such as those made by Nikon, Sony and oth- 
ers use a proprietary format and may require translation to 
a Photoshop-readable RAW format. 


JPEG/RAW Pros and Cons 


JPEG files are smaller (often significantly so); they usually 
have sufficient quality for most purposes; they’re quicker to 
shoot (camera processing is quicker). A JPEG image is 8-bit 
(256 brightness levels). 

RAW files holds the maximum amount of data about the 
image, later retrievable; white balance has not been set and 
can be determined later; most RAW files are captured with 
16-bit information (65,536 brightness levels. 


DSLR vs Compact 


Another question that faces the amateur with ambitions 
to make an impression on the photographic world: is the 
DSLR the better way to go? 

I frequently like to quote my maxim: it’s the driver, not 
the car! 

An extreme comparison is to see fabulous images captured 
by atop pro with a consumer level, fixed lens camera, while 
over on the other side of the picture you will see, very fre- 
quently, really poor images taken by a raw amateur, using 
a DSLR and top quality lens package whose total purchase 
price could easily have bought a small Asian sedan! 

These days, “consumer level” cameras are impressive 
and some models have impressive specs — far more than 
the average user will need in most circumstances. But if 
you're really serious about digital photography (and you 
know your stuff!) nothing beats a professional model. And 
don’t forget, between the two extremes there really are some 
outstanding buys around — quite high spec models at prices 
we could only dream about just a few years ago. Why pay 
more than you need to? 
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Get down to LED Lights 


GET ENERGY costs DOWN with LED LIGHTING 


Need to get rid of halogen ceiling lamps?? 


4" & 6" 
Down 
Lights , 
DOMINANT” 


Innovating lilumination 


© SAVE $$$$ IN 
wu Ss), POWER BILLS! 
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Ge f 
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To replace those 
power-hungry, 


For external/internal 
use replacing hot & 
inefficient QI and 
mercury floodlighting. 
- Very bright, cover a 
very wide area! 


TENR@D 


25 years LED Experience 


E-mail sales@tenrod.com.au 
Website www.tenrod.com.au 


4/24 Vore Street, Silverwater, NSW 2128 
21 Aristoc Road, Glen Waverley, VIC 3150 


NSW T: 02 9748 0655 F: 02 9748 0258 
VIC T: 039886 7800 F: 03 9886 7799 
QLD T: 07 3879 2133 F: 07 3879 2188 
NZ T09 2984346 F:09 353 1317 
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Nostalgic Radio is back! 


Enjoy Golden Oldies with modern reliability 


Retro radios have that style reminiscent of bygone days when we enjoyed 
the family “wireless” in the kitchen or loungeroom. Now we can enjoy 
the bygone features knowing the new radio has a warranty and should 
last for years. Modern retro receivers vary in size, case design, sound 
fidelity and build quality, so this comparison is a guide. The sound 
quality is not hi-fi but most listeners are happy to relax with the news, 
talkback or old tunes reproduced in a “mellow” tone. 


even “retro” radios are reviewed in detail here and 
to remind us there’s still life in some vintage radios, 
a few old-timers are mentioned. 

Perhaps the ideal for a true vintage-look radio for daily 
use is to take the approach used in the Mini Entertainment 
Centre (last month) but use an old-style cabinet. 

However, the D-I-Y approach may well miss out on the 
latest developments, such as DAB+, unless you use a radio 
receiver offering this facility. 

Even manufacturers of some “retro” sets seem reluctant 
to include DAB+, probably because of increased cost. 
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All the ratings in the comparison chart are largely sub- 
jective. In most cases the tiny loudspeakers being used 
immediately limit the possible sound quality and volume. 

Most of these radios were purchased; only a few were 
provided as review samples. 


DAB+ 


Where available (and that’s increasing all the time) 
Digital Radio (DAB+) reception is certainly noise-free but 
in many cases, the sound appears to lack tone in the small 
loudspeakers, compared to that from the FM stations. 
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Retro Radios, Mantels and Portables 


Brand Model | AM | SW] DAB+ AC a | Audio | Audio | Audio, [Volume | Audio | Tone | Retro 
In ou uipu eve uality | Gontro ating ating rice 

Bush Ra? | v w v | acme : rane 2W 8 TE 10 o | $90 

Tessior R601 me: TRE AC | Rca Line | 45w | 9 8 SEC 

Crosley Ranchero |v | - ies AC 3.5mm > 1W 8 T z 9 

Roberts Revival - ca Z | ACDC AUX Line 1W ka 7 - a y 

moea Aa ee e a : w| 6 T 

Nostalgic CR-065 |Z| v| - AC UR |lineLR| 3+3W | 9 6 : 8 

Bush Heritage | - | - | “ | AC AUX - 10+10W| 10 10 | 7x EQ! 10 | $246 


Not tested but worth considering 


8 

Roberts Vintage - | =| v | acme? | 3.5mm 1W x oa ree eee 
AVES Classic ee bec i ACE : 25W | * = - 
AVES Tango -|-| v | acme - 2.54+2.5W| ** E : ee 
Notes!! 


1 The highlighted Bush Heritage features contributed to the highest rating. This was the only radio that replayed DAB+ in with good sound. 

2 The audio quality compares “apples with apples” and not to much larger hi-fi systems. 

3 Prices are the best average at the time of printing. Some radios are occasionally on special up to $100 cheaper. Example: we purchased 
the Heritage at $179. 

4 The Tesslor will get a score of 9 or 10 when technical issues are solved. An earlier model was finished in very attractive high-gloss. 

5 The MagicBox is a great lightweight fun portable and the only small radio reviewed here. 

6 The Nostalgic Radio would be better without the CD player, as it may not last, plus wiring standards could be improved. It would be good 
to try quality speakers too. 

7  * Roberts Vintage model will operate on AC, alkaline or rechargeable batteries. 

8 ** Not tested. 


This quick reference table shows all models included in this 
mini-survey. All offer FM reception but less than half have 
AM and only seven offer DAB+. Only the Bush TR82 has all 
three — with LW thrown in for good measure (not really usable 
in Australia!). None have provision for an external speaker, 
although all include a 3.5mm headphone socket. About half 
have a line output socket, which could also be used to drive 
an external amplifier and speakers for significantly improved 
sound. Individual reviews of each of these (except for the last 
three) begin overleaf. 

You'll find more detailed information, suppliers links, DAB+ 
information, etc, at www.aaa1.biz/SC/retro,html 


By Kevin Poulter 


AM reception should always be included in receivers, 
to cover areas where DAB+ cannot be received. Sadly, as 
our comparison chart shows, AM is fitted to only about 
half the retro radios in the survey. 


CD Players 


Some of the units have CD players. Personally, I have 
major reservations about these, as it has been my experi- 
ence that CD players in low-cost equipment often fail 
prematurely and then typically cannot be repaired. While 
many readers may not agree with me, I cannot see the 
point in including a CD player in a “retro” | 
radio and believe they would be better off f= 
without them. 


Vintage 

Many readers prefer the “real thing” and 
would prefer to restore vintage radios, usu- 
ally of the valve genre. 

Typical valve radios had a larger speaker 
and the overall sound quality, particularly 
in the bass, is better. This applies more to 
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Post-60s solid state = 
radios are an option too. All these 

were available at $50 or less at HRSA 
(Historical Radio Society of Australia) sales 
or Op Shops. The near mint-condition Ghetto- 
Blaster on the right came from an Op Shop for just $15. 


console sets than mantel radios. 

In preparing this article, we compared retro radios to 
some larger portable vintage radios. Some had more full- 
bodied sound, like the ghetto-blaster below, however none 
were even close to the sound quality and features of the 

; Bush Heritage. However, 
because of the low prices 
; asked for these, they may 
| wellbea better option than 
a “retro.” 
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Crosley CR3022A 
Ranchero 


The Crosley Ranchero AM/FM radio (above) looks like an 
old-style car radio installed in a mantel radio cabinet. The 
Australian model is only available in black and the USA 
version only available in red. Compare this to the original 
1950s “PYE” set (AM only) shown below and you can see 
where the styling ideas came from. Other brands offered 
similar designs. 


Styled like a number of brands in the 50s including the Australian 
PYE, this design is reminiscent of a car radio installed in a mantel 
case. The receiver is AM/FM with a MDF case in superb glossy black 
piano-finish. In USA red is the only choice on the Crosley website. 

With clean, compact lines, the authentic look is retained by plac- 
ing the AM/FM/Aux-in switch on the back panel. A minor point, the 
raised “pointer” on the function knob did not line up with the function 
it was set on. 

The FM wire aerial needed fully extending in our metro area, it 
then received a wide range of stations well. Sound quality is good 
compared to others and if you like the style, it will look appealing 
on the shelf. 

MP3 players and the like can be connected via a 3.5mm input 
socket and a headphone socket is provided. Typical of all the sets 
in this roundup, sound quality using a good pair of headphones is 
significantly better than using the tiny internal speakers. 


Size: 333 x 180 x 135mm (w x d xh) 

Pros: Good design and sound, external aerial socket. 
Cons: None. 

Source: iWorld (see links at finish of this article) 
Price: $99.95 

Overall Rating: 8 out of 10 
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Nostalgic Music System, 
Model CR-065 : 


The Nostalgic Radio is very similar to European Philips 
and other euro brands in the early 1950s. Built in a 
timber case, it’s larger than all other mantel radios in this 
roundup. Features include AM/FM with two shortwave 
bands, CD player, MP3/USB port and SD/MMC card port. 


The biggest unit by far, it has two speakers in.a larger “speaker 
box” for more full-bodied sound and in stereo, to boot. There’s no 
brand on this unit; the title comes from the instruction book. 

On opening the well-packed radio | found the CD player was not 
working. The supplier said this was highly unusual and rather than 
paying expensive freight to return it, he offered a discount. 

The CD mechanism is direct drive, with no belt, so the fault could 
range from an open circuit motor to the electronics or connections. 
Regardless, | won't miss a lower quality CD player that’s bound to 
have a short operating life, like many a CD player in small systems. 

On this set, you need to use the controls gently, as they are not 
rugged. The outer rings of the main knobs are not tone or other 


Maybe the Nostalgic is a little too retro: it certainly doesn’t 
follow modern wiring techniques! For example, the 
yellow LT AC wires are not twisted, the white FM wire 
easily drapes over 240VAC power leads and the full-wave 
rectifier diodes are close to audio circuits. The speaker 
leads are also not twisted or clipped to a specific path and 
the speakers are unlabelled. 
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function, just decorative and the large volume knob is mounted on a 
very small pot. Also,the piano-key switches are connected via levers 
to light-duty switches. 

The Chinese English in the manual is ‘different’, however you get 
the gist of it. For example “Do not wet hands touch the power cord.” 
“During to use CD/USB/SD card, the occasional silly machine or 
confusion...” “to save power and security, for a long time do not use 
this product, please ensure that the full power interruption.” The latter 
translates to: “If you are not using the unit for a while, disconnect it 
from the mains, as only the low voltage DC is switched.” My advice 
is to use a Switched power board and always turn off the mains after 
use. It also mentions a cassette player, which the unit does not have. 

Designed by new-generation technicians who were not exposed 
to tried and proven techniques, the quality, wiring and placement of 
circuit boards could be improved. For example, the FM antenna wire 
drapes over the mains leads or power transformer and the transformer 
secondary power leads are not twisted, while the bridge rectifier is 
close to the audio section. 

However the radio is an interesting mantel and if you like the ap- 
pearance, it may suit you. FM reception is improved by extending the 
telescopic aerial on the back panel and the FM tuning has a feature 
where the dial illumination changes to blue when tuned to a station. 
After reading a USB or SD card with MP3 music, the controls resemble 
a CD player, with fast forward, program, repeat and more. “AUX in” 
will suit many portable music devices and there’s also 3.5mm line 
out and headphone out'sockets. 


Size: 510 x 290 x 340mm (w x d x h) 
Pros: Large cabinet enables two speakers and big sound. 
Many features. 


Cons: Electronics could be better built. The piano-keys and volume 
control are not durable 

Source: ebay - warehouse_seventeen, or direct - see our links page. 

Price: About $200 ; 

Overall Rating: 7 out of 10 


Roberts Revival 
Model RD-60, DAB+/FM 


“Feel the quality” is a term that fits well with this medium-size 
portable. It looks good, styled closely to an early 1960s transistor 
radio but with modern DAB+ and FM. 

If you like the distinction of magnificently crafted ‘retro leather’ 
covering over a styled MDF case, with gold highlights and even a 
gold-plated telescopic aerial, this radio should be on your wish-list. 
Unfortunately there’s no AM. 

Now claimed to have 120 hours of battery life on 4 x D size cells, 
this radio comes in red and cream (limited stock), though most will 
choose red. The Revival features rotary tuning and volume controls, 
RDS station name display, a stereo line out socket, and headphone 
socket — which delivers excellent sound. Like all portables, DAB+ 
sound could have more bass and midrange. 

The sound output is quoted as 1 watt, which appears correct and 
unlike others, it does not increase distortion excessively near full 
volume. Interestingly, the speaker has a plastic port to help improve 
sound quality. The port seemed to work best when the rear cover 
was open for battery access! 
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Roberts Revival 
DAB+/FM radios 
are available in red 
or the’ rarer cream N 
colour below. Beautifully 
made, this equates to a little 
heavy — and more expensive 
($279 RRP). The gold- 
plated telescopic aerial . 
is the best-looking 
you will ever see. 
If you like the | 
style and don’t 
need AM, Roberts — 
is highly : 
recommended. 


Other features include: station name / multi 
preset mode, one-touch instant access to favourite 
stations, FM RDS station name display, easy-to-read 16 x 2 
line LCD readout, amber display backlight, stereo line-in socket for 
iPod / MP3 playback, stereo line-out, stereo headphone socket, AC 
adaptor included. 


Size: 260 x 130 x 160mm (w x d xh) 

Pros: Style, quality, features, stereo line out. 

Cons: No AM, fairly expensive. 

Source: Harvey Norman, The Good Guys and Retravision. 
Price: $279 RRP; $216 at Big W on-line 

Overall Rating: 8 out of 10 


Also consider: Roberts Vintage 


(not tested but similar to the Revival) 


The Vintage beautifully blends ‘retro leather’ cloth finish and 
wooden effect side panels with modern DAB+/FM technologies. 
You can enjoy limited station presets and a favourite station button. 

Features: up to 80 hours battery life, built-in batter charger — ideal 
for standard (C size) rechargeable batteries, FM station name display, 
rotary tuning and volume controls, station name /multi-preset mode, 
one-touch instant access to favourite station, USB socket for software 
upgrades, aux-in for iPod / MP3 playback, headphone socket, battery 
or mains operation via AC adaptor (included) 


Pros: Style, quality, features, battery charger built-in. 

Cons: No AM, fairly expensive. 

Price: $229 RRP; $189 at Appliances on-line (see links for more) 
Overall Rating: 8 out of 10 
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MagicBox “Astor” 
FIM/DAB+ 


The MagicBox 
“Astor” FM/DAB+ is amazingly light, 
with a chrome and pastel appearance. Great for teenagers 

to older people who like to listen to music or talkback, 
without needing generous bass or treble. 


A fun, lightweight, attractive, colourful portable, great for personal 
or mobile use, like picnics. Good volume in a very portable radio, 
with excellent quality on headphones too. A telescopic aerial ensures 
top reception on FM, plus DAB+ areas. 

A host of discreet buttons enable station scan, set favourites, info/ 
menu and the Astor can store your best 9 DAB+ and 9 FM stations. 
Power choices are four AA cells or the supplied mains plug-pack. 


Size: 225 x 680 x 150mm (w x d xh) 

Pros: Colourful, fun look, super-lightweight, clear sound, 
many function buttons. 

Cons: None 

Source: Selected Harvey Norman stores 

Price: $89 RRP 

Overall Rating: 8 out of 10 


up. The Roberts Vintage model is about $229, with built- 
in battery charger, DAB+ / FM, Aux in for iPod / MP3 
playback, battery or mains via the included AC adaptor. 
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Too late for the roundup — but worth a lod 


Two other contenders came in as we completed the round- 


Bush TR82DAB - DAB+/ 
FM/AM/LW 


Bush TR82 AM/FM/MW/DAB+ 
is a near-identical copy of their 1959 model. 

Priced about $85-$99, this large lightweight radio has a 
larger speaker and is great value. 


You'll love the style of this near perfect reproduction of the iconic 
1959 Bush TR82 transistor radio, with classic style by Ogle Design. 
This Bush model was reviewed in SILIcon CHIP, September 2013. 

Taller and bigger than most transistor radios, it delivers. The 
inclusion of AM (MW) is excellent, as many AM stations are top of 
radio ratings around Australia and DAB+ is not yet received in many 
areas outside of the capital cities. 

Most of all, the price blows away other DAB+ receiver brands 
with tiny speakers. 

DAB+ tuning, plus buttons for presets and the LCD readout are 
inconspicuous on the top panel. The ten station presets are a great 
feature, however when used only on mains, they disappear after 
power is disconnected. 

Installing batteries overcomes this, though it would be even better 


The AVES Classic DAB/FM Radio retails in Australia for 
$99 RRP. Features include: Alarm, snooze and sleep Timer, 
2.5W RMS, AC Adaptor for mains, or 4 x 4C cells. 
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if the memories were flash type, or if there was a memory battery. 
The station search resembles “seek” on a car radio and is excellent. 

There are so many DAB+ controls and features, reading the hand- 
book on the web is a good idea. 


Reception 

AM and FM stations are received well. Numerous DAB+ stations 
can be received in most state capital cities and suburbs, Bush says 
“if no DAB+ signal is found in your area, ... relocate your radio”! 

So be sure DAB+ can be received in your area before purchase, if 
DAB+ is a major purchase decision. 

A great test of DAB+: | tuned an AM station and placed the Bush 
near a noisy computer power supply, resulting in overwhelming 
noise and zero AM reception. Switching to the same station in DAB+ 
produced clean, noise-free sound! Incidentally, DAB+ has a7 seconds 
delay compared to the same AM station. 


Great sound 


Overall the modern Bush sound and tone is better than large tran- 
sistor radios of bygone days and the best sound of all the portables 
we tested. Not hi-fi, but pleasant and room-filling volume, with a 
useful tone control. The headphone out and line-out are also handy 
features. The fixed level line-out is stereo, viaa 3.5mm socket. Tested 
ona hi-fi system, it performed well, as it did using good headphones 
via the headphone output. 


Case and batteries 


The case is sturdy, with a strong handle - very important, as many 
similar vintage transistor radio handles have broken over the years. 
Unfortunately thereare no instructions on how to remove the rear 
cover to install the C size batteries. 

The small stickers which give a clue won't stay in place forever 
and are easily hidden by the handle. 

Most would expect to undo the main screw on the rear with a five 
cent piece, then prise the cover off. However that would damage it. 
The method is to press hard on the two stickers, whilst pushing 
toward the base, so the rear cover slides off. 

Tip: Use rechargeable batteries, as all batteries leak, despite 
claims to the contrary, yet we haven’t seen a good brand recharge- 
able battery leak. 

It’s best to turn off the radio at the mains when not in use, as it has 
the mains on full-time and the on-off only switches the low voltage. 
Overall highly recommended. 


Features 


DAB+/FM/AM/LW, 2 watts RMS output, tone control, LCD display, 
DAB+ Auto Tune, headphone out, line out, telescopic antenna, 
Dimensions: 35cm L x 28 H x 10.5cm deep (with aerial). 


Size: 
Pros: 


360 x 110 x 235mm (w x d x h) 

Style, quality, features, AM included, tone control, outstanding 
value, line out, 2W RMS. 

Rear cover tricky to remove, the FM aerial retaining clip may 
break —a common problem in vintage radios too. 

Price: $99 - occasionally less. 

Overall Rating: 9 out of 10 


Cons: 


Bush Heritage DAB+/FM/ 
Bluetooth Radio 


Bush Heritage mantel model is based on a 1958 radio and 


packs a punch. Bluetooth is excellent and the Heritage is 
priced at $269. It’s the only radio tested that has excellent 
tone on DAB+, the EQ tone-settings ensure the sound is far 
and away better than all others here — clearly the winner 
in this round-up. The extra features we would like are AM, 
plus loudspeaker out, then this radio would rock a room 
even more. 


A redesign of the 1958 traditional high-end radio, the Heritage 
is easily the winner of our line-up for sound quality and features. 
Brought up to date with Digital Radio and Bluetooth Wireless Audio 
Streaming, this radio will be a hit with modern-tech /Retro lovers. 


High Quality Sound 

Bush claims 10 watts RMS stereo, suffice to say the sound is 
ample for living rooms, with more bass than all other compact 
radios. The Heritage also qualifies as the only radio tested that has 
great tone on DAB+. 


Features: 


Large LCD Display, metal grille with wood finish surround, AC 
power (only), even the soft rubber feet are a nice touch. DRC (Dynamic 
Range Control) enables setting compression of stations to eliminate 
the differences in sound level between radio stations. A stand-out 
feature is the EQ settings which are absolutely brilliant. The sound 
is so full of tone, you'll rarely need the EQ though. 

The manual is the best and well worth a read, as there are many 
more features than mentioned here (see our links). 


Size: 320 x 150 x 170mm (wx d xh) 

Pros: Style, quality, excellent tone, EQ, features, understated looks 
with easy to use controls, 

Cons: quite expensive (but worth it!) 

Suggested improvements: Speaker output sockets. 

Source: JB Hifi, Dick Smith, Harvey Norman and The Good Guys 

Price: $249. 

Overall Rating: 10 out of 10 
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-The Tesslor R601 Valve Radio 


The only valve retro radio tested, the 
Tesslor R601 is a hybrid, designed and built 
in China. Intentionally looking very similar to 
the AWA Radiolette 500M of 1946-1947, it’s 
in a very sturdy Bakelite-look case. 

This impressive exterior is actually very 
thick moulded MDF, likely to survive at least 
as long as Bakelite. The radio’s solid-state 
section is the RF/IF circuit. First stages of 
audio are a 6F2 Triode/Pentode with the 
pentode acting as the first stage, then two 
6P1 valves in the push-pull output, plus a 
6E2 magic eye. 


Sturdy case 

With a true “old-style” look, it’s very strong 
and well finished. It closely resembles a deep 
burgundy, almost black Bakelite finish. Some 
owners complain of a strong varnish smell 
when the new case is heated by the valves, 
which should diminish in time. 


Features 

The LED dial lights illuminate brightly, 
without melting the station-dial, as often 
happens in vintage radios with hot incan- 
descent globes. 

Reception is AM/FM and there’s line-in for 
external audio devices like a turntable (not 
RIAA corrected but adjusting the tone, or 
an LC compensation network in series will 
suffice). Or connect CD and portable music 
players like iPod via the portable music 
player’s speaker out socket. 

One of the best features is the vernier 
dial tuning, so the tuning knob is geared to 
rotate further than the main shaft for fine and 
accurate tuning adjustment. 

AM and FM reception with the built-in 
internal aerials is very good in a suburban 
location, or add the supplied external aerials 
for near-DX reception. 

Tip: you need to switch the int/ext aerial 
changeover switch on the rear panel. There’s 
a small amount of frequency drift in the 
solid-state tuner after a while, possibly due 
to the internal heat. 


Technical 


Claimed output is 7W into 4 ohms, 
however the speaker in the unit tested was 
8 ohms. Despite the push-pull output, it ap- 
pears to be nearer to 4-5W RMS, with more 
than 10% distortion on higher volumes. 

The speaker was stamped 5 watts, which 
inevitably means 5W peak, so considering the 
output volume and clarity is highly dependent 
on the speaker, it would be interesting to try 
different. speakers to find the best match. 
You could try an L-C negative feedback tool 
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The Tesslor R601 four-valve AM/FM hybrid in an 

MDF cabinet, stained and varnished to look exactly like Bakelite. 

Note the AWA-style design and the illuminated tuning dial, superbly illuminated 
by cool-running LEDs, an outstanding feature. But the cool running is countered 
by the valves, which heat the radio excessively — the air temperature at the 

rear vent is 65°C! The magic eye tuning indicator is unfortunately swamped in 
good signal areas. This year the larger Stereo Tesslor R601S AM/FM Radio with 
Bluetooth 3.0 streaming should be available. 


and a dual bass/treble pot would be a great 
inclusion. 


Headphone output 


Headphones connect to the rear 3.5mm 
socket. Fortunately most owners won’t use 
this feature, as the sound has highly sup- 
pressed treble — all bass, most likely due 
to a large resistor in series with the low 
impedance speaker line. An audio-filtering 
LC network in series, or a reversed mini 
speaker transformer would greatly improve 
headphone performance. Also the radio’s 
output appears to be switched between the 
speaker and headphones though the small 
3.5mm socket contacts, normal in a small 
radio, but not great for 5 to 7 watts RMS 


Size: 300 x 180 x 200mm (w x d x h) 
Pros: Nostalgic sturdy AWA style case, well 
presented mellow sound on old tunes; higher 
than average receiver performance, excellent 
dial - bright, clear and cool, vernier tuning, 
good value, line audio in and out. 
Cons: Runs too hot, sibilants, distortion, 
speaker quality. 
Source: Only available on the web www. 
giftsngadgets.com.au 
Price: About $195.00 

The Australian price is less than overseas 
and it arrived well-packed. It was excellent 
to find the valves held in place with spring- 
loaded top clips. 


Overall Rating: 7 out of 10 


Inside the Tesslor, (left) showing three of the four valves - the fourth is the magic 
eye. Note the valves are surrounded by a plastic “cage” to retain and direct 

the valve’s heat in this small area. The right photo shows the solid-state RE/IF 
board behind the front tuning dial and the 8 ohm speaker. A quality build. 
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- Nicad, NIMH cells? 


That’ 5 what it’: s ; all about. . 


Now that the new SILICON CHIP website is up and running, your choices have never been wider when 
it comes to the way you subscribe. Subscriptions are available for 6,12 and 24 months. 


WANT TO SUBSCRIBE TO THE PRINT EDITION ONLY (as you’ve always done)? No worries! 
WANT TO SUBSCRIBE TO THE ON-LINE EDITION ONLY (it’s all new!)? No worries! 

WANT TO SUBSCRIBE TO BOTH THE PRINT EDITION AND THE ON-LINE EDITION? No worries! 
And that’s what makes your choices even more valuable. 

Say you’re away from home when your printed copy is normally delivered... 

Say you want to look up something” in SILICON CHIP from a previous issue when you’re at work ... 

Say you want to search’ for a particular project or feature from any issue. 

No worries — even if you’re on the other side of the world, you can read — in 1 full — the current issue 

of SILICON CHIP with a desktop, laptop or notebook PC* — anywhere you can access the ’net. 

And this convenience comes at a very small premium over the printed subscription price. 


PLUS! While ever your subscription is current, you can download 
scare! ee parents, ont panel artwork, etc, FREE OF CHARGE! 


: : *Full access to articles requires subscription. Search facilities do not. 
La Ls * Must be capable of running Adobe Flash 


IF YOU’RE IN AUSTRALIA you can subscribe to the print edition (only) of SILICON CHIP for $105.00 for a full 
year — 12 issues (that’s almost $15 less than the over-the-counter price — and we pay the postage!) 

FROM ANYWHERE IN THE WORLD, you can subscribe to the on-line edition (only) of SILICON CHIP for 
$AU85.00 for 12 issues. (Of course, you can also subscribe to the printed edition outside Australia). 

Or in Australia you can subscribe to BOTH the print edition AND the on-line edition, for the ultimate in versatility, 
for just $125.00 (yes, that’s only $20 over the print edition subscription price). That’s a very handy option for anyone 
who is travelling — read SILICON CHIP online from anywhere in the world! 

You can also convert from a printed edition or on-line edition to a combined edition if you wish. 

There are many other options available, such as shorter or longer subscription (eg, 6 and 24 months), 

New Zealand/other overseas offers, subs with binders (Australia only) and so on. 

There are far too many to list here — they're fully explained on the “subscriptions” page on the website: 


www.siliconchip.com.au 


Fast tas 


Sa = swmmenes © 


Ard 
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RECENT INCIDENT illustrates 
how useful a Remote Monitoring 
Station like this can be. An acquaint- 
ance of one of our staff members has 
a farm with cattle on it but he’s not 
always around to keep an eye on 
things. During the Christmas break, 
a lightning strike took out the mains 
power back at the pole and so the 
water pump at the homestead stopped 
working. 
This pump also supplies water 
to the cattle troughs and they were 
quickly emptied by the thirsty cattle 
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during the hot weather. Fortunately, 
a neighbour checks on the property 
every few days and so the problem was 
discovered in time, before any cattle 
were lost. But even so, if he’d had a 
monitoring unit such as this one, he 
would have known about the problem 
almost immediately. 

Another good example is for moni- 
toring a boat on a mooring or ina berth. 
It’s common for a boat to rely on shore 
power or solar panel/wind generator 
to keep the batteries charged. The bat- 
teries are needed to start the motor(s) 


Remote Monitoring $ 


Need to keep an eye on electronic/electrical gear or a power supply 
in remote locations, such as on a moored boat, holiday house or 
farm? A loss of mains/solar/wind power or failure of equipment 
such as pumps could be a disaster — unless you know about it 
straight away. This unit will send you an SMS as soon as something 


and also power the bilge pumps which 
need to be kept operational at all times. 

You really need to know straight 
away if the boat loses power or starts 
taking on significant quantities of wa- 
ter (as indicated by frequent running 
of the bilge pumps) and so some form 
of remote monitoring is very useful. 
Most boats don’t have any sort of per- 
manent phone or internet connection 
but are generally moored in an area 
with mobile phone coverage so this 
project is quite applicable. 

And if you have an alarm system 
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The Remote GPRS Monitor uses a Freetronics Eleven Arduino module (left) and a Seeed Studios Arduino GPRS shield 
_ (right). The latter accepts a phone SIM card (on the back) so that it can send and receive SMS messages 


ation 


By NICHOLAS VINEN 


with an output that can indicate when 
it goes off, this unit can also alert 
you should your alarm be triggered — 
whether that alarm is in a house, boat, 
caravan, etc. In fact you could even 
wire it up to the ignition system on 
a vehicle in order to get an alert each 
time its engine is switched on. 


What it does 


This unit has five analog inputs Connecting the two modules together is easy — the GPRS shield simply plugs 
and five digital inputs. It constantly into the Arduino module via the on-board headers on either side. Note that 
monitors the states of those 10 inputs, the GPRS shield shown here uses an external antenna but later versions of 


according to a set of rules that you this module have an onboard antenna. 
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FREETRONICS ELEVEN 
PLUS GPRS SHIELD 


$e ARDUINO REMOTE MONITORING STATION 


Fig.1: the circuit for the Remote GPRS Monitoring Station. It’s based on an Arduino “Eleven” main board (with an 
ATmega328 microcontroller) and a GPRS add-on module. The extra circuitry shown here includes a battery and 
simple charger to power the unit, two control switches, two status LEDs and input protection and signal conditioning 
for the voltages or switches being monitored. 


create. If any of the inputs goes into 
a state which is abnormal, after a pre- 
set delay, it will send an SMS to your 
phone with the state of all the inputs. 

It can also be set up to send a pe- 
riodic SMS too. That way, you can 
keep an eye on, say, battery voltages 
even when they are not critical, to get 
an idea as to whether the battery is 
being charged properly. And you can 
also prompt the unit to report to you 
at any time, by sending an SMS to its 
phone number. You can also redirect 
its messages remotely (eg, if your 
phone’s battery has gone flat). 

The five analog inputs can monitor 
voltages in the range of 0-15V with 
reasonable accuracy — good enough to 
check the charge state of a lead-acid 
battery. It’s also possible to connect 
various kinds of analog output sensors 
but extra interface circuitry may be 
required, depending on their voltage 
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levels (as explained later). The digital 
inputs can be driven with a 0V/12V 
or 0/24V signal or can be connected 
to switches or relay terminals to track 
their opening or closing. 

Each input can have a separate 
delay before triggering an alarm, so 
events which occur periodically can 
be monitored. For example, you can 
get an alert if a bilge pump runs more 
than once every four hours, indicating 
a larger amount of water ingress than 
usual. You can also get an alert if a 
pump (or something else) runs for too 
long a period. 

The Remote Monitoring Station has 
an internal battery that is kept charged 
either from mains power via a plug- 
pack or a solar panel, so that a power 
failure will not cause it to “go silent”. 
It can also be configured to send you 
an alert if its own battery is running 
down or if its power source has failed. 


PARTS IN THIS 
SHADED AREA 
ARE ON 
PROTOTYPING 
BOARD 


9V DC INPUT 
CON] 


D1 1N4004 
Kf uA 


The suggested battery powers the 
unit for about two days without charg- 
ing but larger batteries can be used. 
With a solar panel, the unit becomes 
totally wireless and can be located just 
about anywhere that there is periodic 
sunlight and mobile phone coverage. 


How it works 


Most of the work is done by two pre- 
built boards; an Arduino host board 
which in this case is the Freetronics 
“Eleven” module and a GPRS (General 
Packet Radio Service) ‘shield’ board 
from Seeed Studios. This shield board 
allows the unit to send and receive 
SMS (Short Message Service) messag- 
es. You need a SIM card and associated 
mobile phone number too; a low-cost, 
pre-paid SIM is suitable but you can 
also use a ‘post-paid’ SIM. 

The rest of the circuitry is quite 
simple and consists of a battery, trickle 
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Mainjkeatures 


Monitors up to five analog inputs (0-16V) and up to five digital inputs (0/12V or 


0V/24V or open/closed switches). 


Sends an SMS message to a pre-defined phone number upon alert and/or 


periodic updates. 


Alert conditions can be defined individually for each input, including a time delay. 


@ SMS messages can be remotely redirected and status updates can be requested. 


Operates from internal battery for 48 hours; can be kept charged from mains or a 


solar panel. 


charger, the analog/digital input in- 
terface and some indicator LEDs and 
control switches. There is no custom 
PCB as this circuitry is all built on 
a Freetronics Arduino prototyping 
shield or uses point-to-point wiring 
in the case. 

Fig.1 shows the circuit. The five 
digital inputs connect to input pins 
on the Arduino board via 10kQ pro- 
tection resistors. It is therefore safe to 
apply voltages in the extra-low voltage 
(ELV) range to these inputs (maximum 
+60V). A voltage above 3V will be 
read as high while below 1.5V, it will 
read as low. Anything in-between is 
undefined. 

A small pull-up current is sourced 
from each of these pins just before 
the state is sampled, so any which are 
open-circuit will read as high. Thus, 
you can connect a switch, relay or 
open-collector/drain device between 
a digital input and ground. The input 
will then read high when the switch 
or transistor is off or low when it is on. 

The analog inputs go to the Arduino 
microcontroller’s A1-A5 ADC inputs 
via 22kQ/10kQ resistive dividers. 
Since the micro runs from a nominal 
5V supply, that gives a linear input 
range of 0-16V. The analog inputs are 
digitally filtered by repeated sampling 
and averaging, to reduce noise pick-up. 

While voltages above 16V cannot be 
read by the analog inputs, damage will 
not occur as long as the applied voltage 
is within the ELV range (+60V). Analog 
input pin AO is connected to monitor 
the unit’s own battery voltage. Since 
this is a maximum of 7.5V, a different 
divider is used (10kQ/10kQ). 


Battery power 

The whole thing is powered directly 
from a 6V sealed lead acid (SLA) bat- 
tery. The Arduino “Eleven” board 
has an onboard 5V regulator and this 
is used to supply power to itself and 
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the GPRS ‘shield’. The charging ar- 
rangement is very simple, consisting 
solely of reverse polarity protection 
diode D1, a 22Q current-limiting resis- 
tor and a 6.8V zener diode to prevent 
over-charging. 

There is also a green LED (LED1) 
with 2.2kQ current-limiting resistor 
connected across the input, to indi- 
cate charging. With a 9V DC regulated 
plugpack, the float charge current 
is (9V - 0.7V - 6.8V) + 22Q = 68mA. 
This gives a dissipation in the 22Q 
resistor of 100mW. The charge current 
(and resistor dissipation) increases if 
the battery is flat but only to about 
150mA/500mW;; slightly more if using 
a 9V solar panel in bright sunlight. 

Since the specified battery is 1.3Ah 
and the circuit draws about 20mA, 
that means that a full charge will take 
about 24 hours. Hence this circuit is 
most applicable to situations where 
charging power will almost always 
be present (eg, mains power). It can 
be used with a solar panel but you 
may find that a larger battery or bet- 
ter charging arrangement (or both) are 
required for reliable operation during 
overcast days. 

The rest of the circuitry consists 
of power switch S1, inhibit switch 
S2 and activity indicator LED2 with 
its associated 22kQ current-limiting 
resistor. S2 is used to prevent the 
unit from sending text messages. 
This is useful during set-up but also 
if a genuine failure occurs; once you 
(or somebody else) has arrived to fix 
the problem it has alerted you to, you 
can stop it sending more messages by 
toggling S2. S2 can then be reset once 
the problem is fixed. 

LED2 flashes in various different 
patterns to indicate what’s going on. It 
flashes periodically and briefly during 
normal operation. The high-efficiency 
blue LED only requires a drive current 
of 0.1mA and with brief flashes, the 


Rants List 


1 Freetronics “Eleven” Arduino 
board or similar (Jaycar 
XC4210) 

1 Seeed Studios Arduino GPRS 
shield (www.seeedstudio.com 
— Cat. SLD01098P) 

1 SIM card 

1 Freetronics Mega Prototyping 
Shield for Arduino (Jaycar 
XC4257) 

1 UB2 jiffy box or similar (Jaycar 
HB6012, Altronics H0152/ 
H0182/H0202) 

1 9V DC regulated plugpack or 
similar supply 

1 chassis-mounting DC socket 
to suit power supply (Jaycar 
PS0522 or PS0524) 

1 small 6V SLA battery (eg, 
Jaycar SB2495) 

2 6-way chassis-mounting 
terminal barrier strips (Jaycar 
HM3168) 

4 M3 x 9mm tapped Nylon spacers 

8 M3 x 6mm machine screws 

2 M3 x 10mm machine screws 

4 M3 nuts 

2 M3 Nylon nuts 

4 6.3mm red spade quick 
connectors 

2 6.3mm piggyback spade 
connectors 

1 2.1mm-ID DC power plug or 
cable with plug 

2 mini SPDT chassis-mounting 
toggle switches 

1 20-pin dual female splittable 
jumper wire, 300mm (www. 
seeedstudio.com CAB115C30) 

1 20-way snappable pin header, 
2.54mm pitch 

1 300mm length foam-cored 
double-sided tape 

Light and heavy-duty hookup wire 
(various lengths and colours) 


Semiconductors 

1 green 3mm LED 

1 blue 3mm LED 

1 6.8V 1W zener diode 
1 1N4004 1A diode 


Resistors (0.25W, 1%) 
6 22kQ 1 2.2kQ 
12 10kQ 1 22Q 1W 5% 


overall effect on battery life is mini- 
mal. LED2 is lit continuously while an 
SMS is being sent, which takes about 
25 seconds as it takes some time to 
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BOTTOM VIEW 


Fig.2: follow these layout diagrams to fit the components to the Arduino prototyping ‘shield’. This has a grid of 
separate pads so insulated wires are added to make some of the connections. The pads around the edge connect 
to the T/O pins on the Arduino and GPRS modules. The bottom side overlay at right shows where additional 
links are required to connect components on the prototyping ‘shield’. Make these connections using wire lead 
off-cuts or solder bridges as necessary. 


‘acquire’ a mobile phone tower. 

Ifthe inhibit switch is set to prevent 
an SMS from being sent, the occur- 
rence of an alert condition will cause 
the unit to rapidly flash LED2 for sev- 
eral seconds. This lets you check that 
the unit’s operation is correct without 
using up SIM card credit. 

LED2 remains off either ifthe unit is 
switched off or ifthe battery is flat and 
the unit has gone into power-saving 
mode. You can tell which is the case 
by simply examining the state of the 
power switch (S1). 


GPRS shield 


The GPRS shield/module is the most 
critical part of this project and the one 
that we are using is particularly easy 
to use and quite modestly priced, too. 
Is it from Chinese manufacturer and 
distributor “Seeed Studios” and can 
be ordered via their web page (see 
below). It has a SIM900 module from 
SIMCom which works particularly 
well but also has other circuitry such 
as a power supply for this module, SIM 
card holder and antenna. 

There are actually two versions of 
this shield. For this project, we are 
using the original version (v1.0) but 


this is no longer available. The revised 
version (v2.0) functions more or less 
identically but has a few improve- 
ments. It has a more efficient switch- 
mode power supply, which means a 
slightly longer battery life. It also has 
an onboard antenna, eliminating the 
external whip. 

The other improvements are a soft- 
start circuit for when it is powered on 
and off and some shielding to improve 
reception and protect the unit from 
static discharges. Since the original 
version is no longer available, con- 
structors will need to use the revised 
version but it should be a straight 
drop-in replacement with no other 
changes required. 

Communication between the AT- 
mega328 microcontroller on the Ard- 
uino host board and the SIM900 are via 
an onboard serial port. This uses the 
‘software’ serial port on the Arduino 
(on pins D7 & D8), leaving the ‘hard- 
ware’ serial port for debugging. The 
‘software’ port uses more processor 
power but in our application, this is 
not important. 

The GPRS module can be purchased 
from www.seeedstudio.com/depot/ 
gprs-shield-v20-p-1379.html with free 


registered airmail postage or simply 
go to the Seeed Studios homepage 
(www.seeedstudio.com) and search for 
“gprs”. More information on this mod- 
ule and how to drive it can be found 
at: http:/www.seeedstudio.com/wiki/ 
GPRS Shield V2.0 and http:/4wsdev. 
net/wp-content/uploads/2013/02/ 
Sim900-rev01-Application-Note.pdf 

Besides the bidirectional serial port, 
which is used to send commands 
and data (eg, SMS message contents), 
Arduino pin D9 is used to turn the 
GPRS module on and off; it operates in 
parallel with the onboard pushbutton. 
We use this to keep the GPRS module 
off to save power, except for when a 
message needs to be sent or received. 


Power saving 

We keep the microcontroller on the 
Arduino board in ‘sleep’ mode most of 
the time. It wakes up roughly once per 
second to read the state of each input, 
then calculates whether an alert condi- 
tion exists. If so, it then checks whether 
a message has been sent recently. If all 
is normal or if a message has already 
been sent in the recent past, it imme- 
diately goes back to ‘sleep’. 

While using a pre-built Arduino 


lable} Resistoncolourcotes) 


4-Band Code (1%) 5-Band Code (1%) 

red red orange brown red red black red brown 
brown black orange brown brown black black red brown 
red red red brown red red black brown brown 
red red black brown red red black gold brown 
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module saves a lot of effort, there is a 
disadvantage regarding its current con- 
sumption while idle. There are various 
LEDs which remain powered, the regu- 
lator has a relatively high quiescent 
current and so on, so it draws about 
20mA even in sleep mode whereas a 
custom board could be designed to 
draw less than 1mA. Still, given the 
relatively large battery capacity, this 
isn’t a major problem. 


Software 


While conceptually simple, the 
software for the Arduino board in this 
project is quite extensive. It uses the 
micro’s “Watchdog Timer” to wake 
it up periodically to check the input 
states and this is also used as a time- 
keeping device. There are various 
counters to keep track of how long it 
has been since the last SMS was sent, 
how long since the last unprompted 
update, how long since it has checked 
for an incoming SMS and so on. 

If sending a message, the unit also 
takes that opportunity to check if 
there are any incoming messages and 
if so, scans them for valid commands 
and takes the appropriate action. If a 
long period passes with no outgoing 
messages, it will power up the GPRS 
module anyway, to check for incoming 
messages. This interval is adjustable 
as it is a compromise between a fast 
response to incoming messages and 
battery life. 

So that the unit can continue mon- 
itoring the inputs and sleeping (to 
conserve power), interactions with the 
GPRS module are handled by a simple 
“state machine”. This means that after 
the GPRS module is powered up, the 
micro goes back to sleep, then wakes 
up a short time later and communicates 
with it — rather than remaining active 
while waiting for it to become ready. 

If you want more details on how 
the software operates, it is well- 
commented so the best approach is 
to download and read it (from www. 
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Construction 

The first step is to set up the GPRS 
module. The SIM card is fitted to the 
holder by sliding the cover and lifting 
it up, then sliding the card into the 
slots with the contact side facing the 
contacts on the PCB. Push it all the 
way home, then slide the cover back 
across to lock it in place. 

You then need to check and pos- 
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sibly set the jumpers which control 
which serial port is used (hardware or 
software). There are two jumpers on 
a 3x2 pin header matrix. Set these for 
the software serial port (“SWserial”), 
as labelled on the module. 

You can then plug the GPRS shield 
into the Freetronics “Eleven” board 
and apply power via a USB cable. You 
should see the green power LED light 


on the GPRS board and by holding 
down the power button on the side 
of that board for about one second, it 
should power on. You will then see the 
red LED come on and after some time, a 
second green LED should start flashing 
with a cadence of 64ms on, 800ms off 
(ie, about one flash per second). 
Assuming the SIM card is ready to 
go, this should change after a few more 
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This is the view inside the completed Arduino Remote Monitoring station. Most of the extra parts are mounted on the 
case lid and on the prototyping shield, with the latter then plugged into the headers on the GPRS shield. The battery is 
held in place on the bottom of the case using double-sided foam adhesive tape. 


seconds to 64ms on, 3s off (ie, one flash 
per three seconds) to indicate that it 
has found the mobile network. Once 
you've verified that, you can unplug 
the USB cable and move on to the next 
step in the construction. 


Interface board assembly 


Next, fit the components to the pro- 
totyping shield. Start with the four pin 
headers on the underside of the board 
which plug into the GPRS shield (these 
are supplied with the PCB). The easiest 
way to ensure they are fitted straight 
is to push the 4-pin headers into the 
sockets on the Arduino host board, 
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then place the prototyping shield on 
top and solder the pins. 

Follow with the resistors, as shown 
on the layout diagram of Fig.2, start- 
ing with those which are flat on the 
board and following with the vertical 
ones. It’s a good idea to bend some of 
the leads over before soldering them 
and trim them slightly longer, so that 
they can be used to form the bottom 
side links later. 

You can then fit the top-side pin 
headers, followed by the wire links, 
which should be made with small 
gauge insulated wire. We used “Kynar” 
wire-wrapping wire. 


es 


When all the parts are on the board, 
finish by making the solder bridges on 
the underside as shown in Fig.2. For 
those where you were not able to leave 
sufficient lead length, use short lengths 
of lead off-cuts. Alternatively, you can 
bridge solder between adjacent pads, 
although given the relatively wide 
spacing, this can be tricky. 

When finished, plug this board into 
the GPRS shield. 


Case preparation 


The next job is to drill the required 
holes in the lid. Copy the label (Fig.3) 
and use this as a drilling template. You 
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Fig.4: the complete wiring diagram. The battery, switch and LED connections are mostly ‘air-wired’, while ribbon cable 
fitted with individual pin sockets is used to plug into the headers on the Arduino interface shield. 


can also download this as a PDF file 
from the SILICON CHIP website (free for 
subscribers) and print it out. Once the 
holes have been drilled, remove the 
template, then print or copy another 
label onto photographic paper. This 
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label can then be laminated and at- 
tached to the lid using double-sided 
tape or spray adhesive, making sure 
that the hole locations in the label line 
up with the holes in the panel. 

The holes in the label can then be 


cut out using a sharp hobby knife. 
Next, fasten the two 6-way termi- 
nal barrier strips to the lid using M3 
x 10mm machine screws and nuts, 
then mount the two toggle switches in 
place. The two LEDs can then simply 


MARCH 2014 33 


TO SENSOR +5V 


ICla: ⁄2 M385 
T 100nF OR IMC6482AIN 


>—e— TO ANALOG INPUT 


27k 
GAIN = 10x 
3.0k 


be pushed through their 3mm holes 
and glued into place using either hot 
melt glue or silicone sealant (or you 
can use plastic. bezel mounting clips). 

The next hole required is that for the 
DC input socket. This goes in the side 
of the case, as shown in the photos. 
Place it slightly higher than half-way 
up the side of the case and centre it 
between the two adjacent corners. En- 
large the hole using a tapered reamer 
until the DC socket fits through, then 
secure the socket in place. 


Assembly 


You can now fasten the SLA battery 
down into the case using two strips 
of double-sided foam tape (see Fig.4). 
That done, complete the rest of the 
wiring as shown in the wiring diagram 
— see Fig.5. 

You then need to mount the Free- 
tronics Arduino module in the case. 
Unplug the GPRS shield/prototyping 
board and use the Arduino board as 
a template to drill the four mounting 
holes in the bottom of the case. That 
done, fit four tapped spacers using 
short M3 screws, then use more screws 
to hold the Arduino module on top and 
plug the other boards back in. 

Note that we had to put ours adja- 
cent to the edge of the case, so that 
the external antenna connector passed 
through the side. However, as stated 
above, the revised GPRS module has 
an internal antenna, so this is not 
required. 

For the connections from the pin 
headers on the Arduino module, the 
easiest method is to cut lengths of split- 
table jumper wire. These generally 
come as 20-way rainbow cable with 
separate female “Dupont” connectors 
for each strand. You can get this from 
Seeed Studios at the same time as 
you order the GPRS module (see parts 
list) but similar cables are available 
from other sources such as Little Bird 
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Fig.5: a simple gain stage to interface 
sensors with low output voltages to 
the Remote Monitoring Station. The 
LM358 can be used where the output 
level will be below 3V at all times; 
the LM6482AIN can give an output 


of up.to nearly 5V. Gain can be 
calculated as (27kQ + 3kQ) + 3kQ = 
10 and using this formula, resistors 
can be selected for different gain 
values. 


Electronics (http:/Aittlebirdelectron- 


ics.com). 

Individual female-to-female header 
jumper cables can also be used but tie 
them into bundles to keep them neat. 
Either way, strip the cut ends and sol- 
der them to the terminal barrier lugs, 
switch lugs and LED leads as shown. 

Now for the power supply wiring. 
You can crimp the quick connectors 
to the wires if they are sufficiently 
thick but component leads are too 
thin and will need to be soldered; do 
this quickly so as not to melt the glue 
holding the plastic surround in place. 

Perhaps the easiest approach is to 
push the piggy-back terminals onto 
the battery connectors, then trim the 
leads of the zener diode so it just fits 
between these and solder it to two 
crimp connectors. Watch the polarity 
when you plug this in or it will get very 
hot, very fast! You can then solder the 
connections from the DC socket to the 
exposed zener leads. As shown, the 
ground connection is direct whereas 
the positive side goes via a diode and 
1W resistor wired in series. 

For the power connection to the 
Arduino board, either cut a DC power 
cable to length (eg, from a dud plug- 
pack) or make up a twin-core cable 
with a DC plug. Either way, test the 
plug for fit first — a 2.5mm inner dia- 
meter DC plug will go into the socket 
on the Arduino board (2.1mm ID) but 
will not make a reliable connection. 

You can then plug the two remain- 
ing quick connectors into the battery 
piggy-back terminals and solder the 
free ends of the DC power cable as 
shown. Complete the wiring as shown 
in Fig.4, including the wiring for the 
two LEDs. 


Connecting sensors 

Various sensors with analog out- 
puts can be connected to the analog 
inputs on this device however not all 


will have suitable voltage swings. As 
specified, the inputs have a resolu- 
tion of approximately 16mV. This is 
not suitable for reading the output of 
a sensor with, say, a 0-100mV swing. 

To increase the sensitivity of a given 
input, you can change the resistive 
divider. Best resolution is about 5mV, 
with the lower 10kQ resistor in the as- 
sociated divider removed. That will be 
sufficient for say a temperature sensor 
with an output of 10mV/K, giving a 
resolution of about 0.5°C and a range 
of about -250°C to +250°C. 

However, for a pressure sensor 
which gives 25mV full scale, this is 
still no good. In that case, you need to 
wire up an op amp to give some gain. 
Fig.5 shows the basic arrangement 
but we’ll leave the rest of the details 
up to you. Some sensors may require 
a more complex arrangement; refer to 
the manufacturer’s literature. 


Set-up 

Before programming the Arduino 
board, you need to customise the set- 
tings for your situation. Download the 
Arduino IDE (Integrated Development 
Environment) from http://arduino.cc/ 
en/main/software and load it up. You 
will then need the “sketch” for this 
project, which is available from the SILI- 
CON CHIP website (free for subscribers). 

Open up that ‘sketch’ (.ino file exten- 
sion) which will launch the Arduino 
IDE. The first couple of pages of code 
contain the settings, as shown in Fig.6. 

The first entry is the phone number 
to receive alerts, which goes within the 
quotation marks. It must be in inter- 
national format, ie, for Australia start 
with “+61” and then follow with the 
area code (drop the first zero) and the 
rest of the phone number. As shown, 
Australian mobile numbers will thus 
start with “+614”. 

The next entry is the SIM card PIN. 
You only need to set this if your SIM 
card has PIN protection. If so, make 
sure this is correct! Most new SIMs 
either have no PIN or it is set to the 
default value of 0000. Again, put it 
in quotes. 

Following that is a field to enter 
your carrier’s “Message Centre” phone 
number. This is a number through 
which messages are routed and can 
usually be found somewhere on the 
carrier’s website. For example, our 
test SIM was on the Vodafone network 
and we found the appropriate num- 
ber at http://support.vodafone.com. 
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Softwaretsettings 


typedef struct { float upper; float lower; float gain; } adiv; 
typedef struct { float minval; float maxval; signed long delaysec; } alimit; 
typedef struct { unsigned char state; signed long delaysec; } dlimit; 


// Phone number to send alerts to: 
char SMS_Destination[32] 


// PIN number for the SIM card, if used: 


char SMS_PIN[5] 


= “461 4XXXXXXXX”} 


= “0000”; 


// SMS message centre number for your carrier: 


char 


SMS_MSG_CENTRE_NUM[32] 


= “+614XXXXXXXX”; 


// SMS command password, must be contained in a received SMS for any commands to work 


char SMS_PASSWORD[] 


= “simon says”; 


// Send an SMS once a day (ie, 24 hours x 60 minutes x 60 seconds, 0 = off): 


unsigned long SMS_send_interval 


= 60*60*24; 


// Never send an SMS more than once every half hour: 


unsigned long SMS_min_send_interval 


= 30°60; 


// Check for SMS reception every half hour (0 = off) 


unsigned long SMS_recv_check_interval 


= 30°60; 


// How long to suppress messages for after a STOP command is received (default eight hours) 


unsigned long SMS_suppress_time 


= 8*60*60; 


alimit alimits[] = { /* analog input configuration */ 


{ /* min voltage */ 5.5, /* max voltage */ 6.9, /* delay (sec) */ 60 }, // battery voltage 


{ /* min voltage */ 0.0, /* max voltage */ 16.0, /* delay (sec) */ 15*60 }, // input A1 
{ /* min voltage */ 0.0, /* max voltage */ 16.0, /* delay (sec) */ 15*60 }, // input A2 
{ /* min voltage */ 0.0, /* max voltage */ 16.0, /* delay (sec) */ 15*60 }, // input A3 
{ /* min voltage */ 0.0, /* max voltage */ 16.0, /* delay (sec) */ 15*60 }, // input A4 
{ /* min voltage */ 0.0, /* max voltage */ 16.0, /* delay (sec) */ 15*60 } // input A5 


}; 


dlimit dlimits[] = { 


{/* expected state */ 1, /* delay (sec) */ 15*60 }, // input D1 
{ /* expected state */ 1, /* delay (sec) */ 15*60 }, // input D2 
{ /* expected state */ 1, /* delay (sec) */ 15*60 }, // input D3 
{ /* expected state */ 1, /* delay (sec) */ 15*60 }, // input D4 
{ /* expected state */ 1, /* delay (sec) */ 15*60 } // input D5 


J 


adiv adivs[] = { /* analog input dividers */ 


{ /* upper resistor (kOhms) */ 10.0, /* lower resistor (kKOhms) */ 10.0, /* gain */ 1.0 }, // battery voltage divider 
{ /* upper resistor (kKOhms) */ 22.0, /* lower resistor (kKOhms) */ 10.0, /* gain */ 1.0 }, // input A1 divider 
{ /* upper resistor (kKOhms) */ 22.0, /* lower resistor (kKOhms) */ 10.0, /* gain */ 1.0 }, // input A2 divider 
{ /* upper resistor (kOhms) */ 22.0, /* lower resistor (kKOhms) */ 10.0, /* gain */ 1.0 }, // input A3 divider 
{ /* upper resistor (kOhms) */ 22.0, /* lower resistor (kKOhms) */ 10.0, /* gain */ 1.0 }, // input A4 divider 
{ /* upper resistor (kKOhms) */ 22.0, /* lower resistor (kOhms) */ 10.0, /* gain */ 1.0 } // input AS divider 


}; 


float Low_Battery_Level = 5.0; // do not flash LED or send SMS with battery below this voltage 


Fig.6: first lines of the software showing the settings which can be customised to suit your application. Text written /* like 
this */ or prefixed with a double-slash (“//”) indicates a comment which has no effect on the operation of the software. 


au/articles/FAQ/Vodafone-message- 
centre-number 

The next entry is the SMS command 
password. You can control the unit 
remotely by sending it messages con- 
taining certain text commands but they 
are ignored unless the message also 
contains this password. The default 
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is “simon says” but you can change 
it to something else to protect against 
the unlikely event that somebody else 
figures out your unit’s phone number. 

The next four settings are time in- 
tervals, specified in seconds. You can 
use “*” as a multiplication operator to 
make setting them easier, eg, 4 * 60 * 


60 works out to four hours (four hours 
times 60 minutes per hour times 60 
seconds per minute) as does 4 * 3600. 

The first is the interval at which the 
unit will send you status updates, re- 
gardless of the input states. The default 
is once per day (24 hours). However 
note that the time of day that the mes- 


MARCH 2014 35 


Lr 
i > Control Panel » All Control Panel Items 


| Adda device Add a printer 


s Devices (6) 


Flash Card 
Reader 


BenQ G2400W 
(Digital) 


Printers and Faxes (7) 


DELL 3007HC 


CutePDF Writer 


Foxit Reader PDF 
Printer 


ST 


4 Unspecified (4) 


J 


Freetronics 8U2 
USB (COM17) 


i 17 items 
sj 


Logitech HID 
Device 


Logitech 
Pointing Device 


-u 


Logitech® Nano 
Receiver 


2 


FX DP C2428 PCL 


PICKit 3 


USB2.0-CRW 


NICHOLAS-PC 


Microsoft XPS Roland iM-01 
Document Writer 


P Kyocera 
FS-2020D 


Fig.7: before programming the Arduino board, it must first be plugged into a 


USB port and assigned to a serial port as shown here (Windows 7). 


sages are sent is determined by when 
the unit is first switched on and if it 
loses power completely, that will reset 
the timing. Also, the time-keeping 
isn’t exact so it will likely drift over 
time (although you can reset the tim- 
ing remotely). If you don’t want to get 
messages unless something is wrong, 
set this item to “0”. 

The next time interval specifies the 
minimum message sending interval. 
The default is every half hour. So if 
there is a continuous alert, you will get 
at most two messages per hour until the 
alert goes away (or you tell it to stop). 

The third time interval determines 
how often the unit powers the GPRS 
module up to check for incoming mes- 
sages. The default is half an hour but 
as explained earlier, a shorter time will 
give a faster response to incoming mes- 
sages but use up the battery faster. This 
can also be set to zero, in which case 
the unit will only check for incoming 
messages after sending a message. 

The final time interval sets how 
long messages are suppressed after an 
appropriate command is received by 
the unit. The default is eight hours. 
Note though that you can send another 
command to tell it to resume sending 
messages to override this if necessary. 


Input settings 
Now you will need to tell the unit 
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the expected state of each input that 
is connected, ie, define what will trig- 
ger an alert. This is done separately 
for the five analog inputs and the five 
digital inputs. 

Start with the analog inputs. The 
first line sets the acceptable voltage 
range for the internal battery. The 
default is for a minimum of 5.5V and 
a maximum of 6.9V, with a delay of 
one minute. So if the battery voltage 
drops below 5.5V or goes above 6.9V 
and stays there for more than a minute, 
an alert condition will occur and a 
message will be sent (unless messages 
are being suppressed). 

The following five lines work the 
same way except that these define 
the minimum and maximum allowed 
voltages for the five external analog 
inputs. If an input is not connected, 
leave the range as 0-16V so it can never 
generate an alert. 

If you want to generate an alert 
when an input is within a voltage 
range (rather than outside it), swap the 
minimum and maximum values. So, 
for example, if the minimum is set to 
9V and the maximum to 8V, the unit 
will generate an alert when the voltage 
at that input is in the range of 8-9V 
and not if it is below 8V or above 9V. 

Next, set the expected states for the 
five digital inputs and their associated 
alert delays. If a digital input is not 


connected, set the expected state to 
1 (high). If an input is connected to 
a relay/switch with the other end to 
ground, that input will change to 0 
(low) when the contacts are closed. 

Regarding the delay setting, say you 
want to make sure a pump runsat least 
once an hour and the switched +12V 
supply to that pump is connected to 
a digital input. Set the expected state 
to 1 and the delay to be 60*60 or 3600 
seconds (one hour). Thus, when the 
pump switches off, the alert timer 
starts. If it does not go high (switch 
on) again within an hour then an alert 
will be generated. 

If you want to set a maximum inter- 
val to generate an alert (eg, to ensure 
a pump doesn’t run too often), put a 
minus sign in front of the period, eg 
-3600. 

Finally, if you have changed any 
of the analog input divider resistors, 
update the values in the “adivs” table 
so that the software can scale the input 
voltages correctly. You will also need 
to set the gain to a figure other than 
1.0 if you are applying any gain to the 
signal being fed to the input. 


Programming it 

Having finished altering the settings 
to suit your usage case, in the Arduino 
IDE, press CTRL+R or select the “Verify 
/ Compile” option from the “Sketch” 
menu. After a few seconds, you should 
see a message at the bottom of the 
window giving the “Binary sketch 
size”. If you don’t, or if there are error 
messages, fix any mistakes you have 
made in the settings and verify again 
until it succeeds. 

You can then plug the Arduino 
board into your PC using a USB Type 
A to Mini Type B cable (typically sup- 
plied with the Arduino board) and 
upload the software and settings by 
pressing CTRL+U or selecting “Up- 
load” from the “File” menu. 

Note that when you plug the Ardui- 
no into your PC, it may take some time 
for it to be fully detected and you must 
wait for this to occur before uploading 
the sketch or it will fail. In Windows, 
you can check that it has been detected 
by going to the “Devices and Printers” 
section of the Control Panel. 

Fig.7 shows the result on a Windows 
7 PC. As you can see, the Arduino 
board is detected as a “Freetronics 
8U2 USB” on COM 17. If you then open 
the “Tools” menu in the Arduino IDE, 
under the “Serial Port” sub-menu, you 
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and forget” affair. However, there are 
some commands which may be sent 
remotely if necessary. You should be 
able to determine the unit’s phone 
number by waiting for it to send you 
a message, then adding the remote 
number to your phone book. 

If you send a message to this number 
containing the password string (set 
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can then select COM17. You should 
then see an indication that it is con- 
nected in the bottom-right corner of 
the IDE and you can then proceed to 
upload the software. 

After a successful upload, unplug 
the USB connection, plug in the DC 
socket from the battery power supply 
and your unit should be ready to test. 


Testing 

Start with the SMS inhibit switch in 
the “SMS Off” position. Apply charg- 
ing power and the green LED should 
come on. The voltage across the battery 
should be slowly rising. 

Switch the unit on and the blue LED 
should start to flash at 1Hz (with a short 
on-time). Trigger an alert condition and 
after the set delay, the blue LED should 
flash rapidly for a few seconds and this 
will repeat once per minute. 

Next, set the inhibit switch to “SMS 
On” and after a short delay, the unit 
should send an alert SMS to your 
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PRS shield board plugged into the Arduino board, 


phone. If this fails, the LED will flash 
rapidly, as it did when inhibited. In 
this case, check that the SIM is valid, 
is inserted correctly and you have set 
the correct PIN. 


Power supply 

Since the charging arrangement is 
very simple, the supply needs to have 
reasonable regulation. An unregulated 
9V plugpack is not suitable (without 
increasing the current-limiting resis- 
tor value). A 9V regulated plugpack 
or small 9V solar panel should be fine 
and either can be connected directly 
to the power input. 

If you want to charge the unit from 
a 12V battery or use an unregulated 
9-12V plugpack, the 1W current- 
limiting resistor should be increased 
to at least 68Q. 


Operation 
Once you have verified it’s work- 
ing, the unit is pretty much just a “set 


earlier), plus at least one command, the 
unit will act accordingly once it has re- 
ceived that message. As noted earlier, 
this won’t necessarily be immediate. 
You can include multiple commands 
in a message. The commands are: 

@ “suppress” — the unit will not send 
you any more messages for some time, 
unless you send a “resume” com- 
mand. This time is set in the Arduino 
software header and defaults to eight 
hours. 

@ “resume” -— cancels any “suppress” 
command. 

© “status” — causes the unit to im- 
mediately send an input status report. 
@ “reset” —resets the timing of period- 
ic status updates. If, say, the unit is set 
to send an update every 24 hours, the 
next update will be (roughly) 24 hours 
from the reception of this command. 
© “redirect <phone number>” — send 
future messages to the specified phone 
number instead of the one configured 
in the software. If power is lost (eg, 
the battery discharges totally), it will 
revert to the original number. The 
phone number must start with a + fol- 
lowed by the country code, area code 
and phone number. 

The messages sent by the unit have 
the following format: 

Batt: 6.21V [OK] Analog: 0.00V [OK] 
0.00V [OK] 0.00V [OK] 0.00V [OK] 
0.00V [OK] Digital: 1 [OK] 1 [OK] 1 
[OK] 1 [OK] 1 [OK] 

This shows the battery voltage, 
the voltage at each analog input in 
sequence (1-5) and then the status of 
each digital input in sequence (0/1). 
If any of these is outside its specified 
range, the “[OK]” is replaced with an 
exclamation mark, followed by an 
indication of how long this has been 
the case. 

This example message is 123 charac- 
ters long and the maximum length of 
a standard SMS is 160 characters. The 
message length can increase slightly if 
it displays voltages higher than 9.99V 
or if any of the inputs is out of range. 
The maximum length is around 150 
characters and so will always fit in a 
single SMS. sC 
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Miracle repairs can take a little longer 


There used to be a popular saying that I 
remember seeing printed and hung on a wall 
in many workshops and offices. It read “The 
impossible we do immediately, miracles take 
a little longer”, or something to that effect. I 
imagine many a serviceman’s workshop once 
had a similar notice posted on the wall. 


In this business, some successful re- 
pair jobs do seem like miracles — those 
jobs where everything seemed impos- 
sible but against all odds (and often 
logic and reason), things turned out 
alright. And while we sometimes can’t 
take all the credit for these miraculous 
outcomes, we will still accept payment 
and quietly praise the gods that it all 
worked out in the end. 

I’ve personally experienced a few 
such miraculous jobs, the best one in- 
volving data recovery from a damaged 
external hard disk. The fix involved 
some knowledge, skill and educated 
guesswork but the main component 
turned out to be a healthy dollop of 
pure dumb luck. 

This particular hard drive had been 


dropped by the client and was no 
longer detected when plugged into 
the USB port of a computer. It’s not 
an uncommon scenario — many ex- 
ternal drives have a hard life, mainly 
because their portability implies that 
they are somehow more resilient and 
can take more punishment than a 
standard (internal) hard disk, which 
is simply not the case. Typically the 
only concession to shock protection 
for these drives are half a dozen small 
rubber mounting washers which can 
hardly be expected to safeguard the 
drive from being knocked about when 
floating around someone’s backpack 
or car boot. 

In my experience, many computer 
users don’t appreciate just how fragile 
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hard drives are and some clients have 
even told me that they had no idea they 
could fail! Yet fail they do with mo- 
notonous regularity, regardless of type 
and usually all by themselves, without 
ever being dropped or subjected to any 
other obvious abuse. 

For those interested in such things, 
there are various videos available on- 
line showing hard drives in operation 
and these give an idea of just how hard 
these devices work. Most people who 
view these videos are amazed that hard 
drives last a week let alone an average 
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of about four years without wearing 
out or even dropping a byte of stored 
data along the way. 

Anyway, back to the hard drive in 
question. It was enclosed ina moulded 
plastic case and boasted connectors 


for external power and USB. With Wy 


everything plugged in, the built-in 
activity LED stayed firmly red instead 
of flickering in tune with hard disk 
activity. So that wasn’t a good start. 

Even more ominous, you can also 
usually hear a hard drive spool up 
but this one was dead quiet — also a 
bad sign. 

Still, with a dropped hard drive, 
there is always a chance that the on- 
board. electronics or the connectors 
themselves are the cause of the prob- 
lem. In these cases, the only reason- 
able troubleshooting procedure is to 
remove the drive from its enclosure 
and plug it directly into a computer, 
thus bypassing any problems with the 
caddy itself. If the gods are smiling, 
the drive is detected and successfully 
mounted by the operating system, after 
which the contents can be read and 
copied to another drive. 

After that, ifall the usual tests prove 
satisfactory, the drive is considered to 
be OK and can be installed in a new 
external enclosure. The client can then 
carry on as if nothing untoward had 
happened, although they really should 
be counting their blessings (and mak- 
ing sure they back up in the future). 

Unfortunately, as most computer 
servicemen know, this rose-tinted 
example isn’t a typical outcome. More 
typically, the drive will not be recog- 
nised by the system and we have to 
break the bad news to the client that 
their data is irretrievable. 

And that’s exactly what happened 
in this particular case. When I plugged 
the drive into my recovery computer, 
the BIOS didn’t “see” it at all and that 
meant that it was pointless booting 
into Windows. After all, if the hard- 
ware doesn’t recognise that the drive is 
connected, then neither will Windows 
or any fancy data-recovery software 
that may be used. 

Usually, this is when I tell the cli- 
ent that I cannot do anything further 
because the drive is dead and that’s 
the end of it. In an external hard drive 
data recovery situation, I typically 
break the drive enclosure open in front 
of the client after advising them that 
the drive is likely ruined anyway, so 
they have nothing to lose. I then plug 
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Boss? 
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it into my recovery hardware out back 
while they wait in reception. That way, 
we both know straight away whether 
there is any hope of my being able to 
do anything with the drive. And on 
the rare occasion they want to send the 
drive off to a dedicated data-recovery. 
house, at least what I’ve done hasn’t 
made things any worse. 


Misconceptions 


There are many interesting opinions 
(and misconceptions) as to what these 
data recovery houses do. Some believe 
they have magical equipment that can 
resurrect and recover data from any 
hard drive, no matter how damaged 
it may be, which is why they charge 
many hundreds (if not thousands) of 
dollars for their services. 

The simple truth is that yes, they do 
have clever tools and people with lots 
of experience in hard drive mechan- 


ics. However, if the disk’s platters 
are physically damaged, recovery is 
unlikely no matter how clever the 
technicians and tools are. 

If the drive’s electronic circuitry is 
faulty, the most common method of 
recovery is doing what’s known as a 
‘platter swap’. In this case, the tech- 
nician removes the platters from the 
dead hard drive and mounts them in 
a known-working version of the same 
make and model of drive, thereby 
enabling the data to be recovered. 
Some companies also have the hard- 
ware to reprogram a drive’s corrupted 
firmware in order to get it going again. 

On the other hand, amateurs like 
me who attempt such repairs usually 
make things worse, which is why I 
don’t usually do it. 

There are other considerations; 
a speck of dust can ruin the whole 
process so a platter swap needs to be 
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done in an ultra-clean environment 
and that usually means a dust-free 
work cabinet at the very minimum. A 
specially-made “clean” room is even 
better but as you can expect, all that 
cleanliness doesn’t come cheap. There 
are sites on the internet showing how 
to build do-it-yourself clean rooms or 
cabinets but it’s a lot of time, money 
and effort if you don’t plan on doing a 
lot of data recovery work. 

The same can be said about the 
several hundred bucks you’d also 
have to shell out for the specialist 
jigs and tools required to safely disas- 
semble hard drives. It’s true a simple 
screwdriver with the right bits can be 
had for a few dollars and with this 
you can remove the circuit board and 
the case screws. However, as soon 
as you remove the main top screw, 
which holds the top of the drive’s 
head assembly and fine-tunes the 
head’s alignment, you really need some 
special jigs and other tools to ensure 
consistent success. 

What’s more, even if you have these 
jigs (called ‘head combs’) to keep the 
heads from touching the platters while 
the latter are removed, you still need 
a very steady hand. These combs are 
designed specifically for each make 
and model of drive head assembly and 
are often fragile themselves and thus 
difficult to use properly. 

If you have a single platter drive, 
you've only got one set of heads to wor- 
ry about (one on top and one under- 
neath). However, if you have a multi- 
platter drive, a challenge presents 
itself; the platters must be removed 
and replaced into the working chassis 
aligned exactly as they came out of 
the old drive. If they move in relation 
to each other by even the slightest 
amount, any stored data is instantly 
rendered gibberish and even if you do 
manage to get the drive going enough 
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to be recognised by the computer’s 
BIOS, the data will be gone. 

Of course, there are special tools 
available to help keep platter azimuth 
consistent but these are quite expen- 
sive and you do have to learn how to 
use them. In short, pulling a hard disk 
drive apart to recover data is a task that 
really sorts the men from the boys. 


I hate being defeated 


Being a serviceman who hates being 
defeated by mere hardware, I looked 
very carefully into this data recovery 
malarkey some time ago. Initially, 
I toyed with the idea of turning an 
under-utilised upstairs office (mine) 
into a bona-fide clean room employ- 
ing a home-made dust-filter system 
and a vacuum cleaner from the local 
bargain shop. 

At the time, I could have accom- 
plished it relatively easily and inex- 
pensively but a natural disaster and 
a couple of years of follow-up earth- 
quakes put the kybosh on the idea—the 
resulting proliferation of liquefaction 
dust in the atmosphere and seemingly 
ever-shaking workbenches is just not 
conducive to setting up a contaminant- 
free data recovery workspace. 

Besides, my own informal polls 
conducted among those requiring data 
recovery indicated a distinct trend. 
While most were happy to pay less 
than a couple of hundred dollars for 
me to recover their data using existing 
methods, the vast majority baulked at 
paying more than that. It really didn’t 
take much more for them to decide 
that they could in fact do without 
those emails, spreadsheets and baby 
photographs that seemed so important 
before they heard how much it might 
cost to recover them. 

There were other factors too; given 
the cost of setting up even an inexpen- 
sive clean room and purchasing the 
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barest minimum of specialist tools, 
it would take years, to get a return on 
my investment. What’s more, in a few 
years, almost every computer hard 
drive will be a solid-state device, so 
there’s no point investing money to 
do this type of data recovery anyway. 


Back to the faulty drive 


OK, so that’s all by way of back- 
ground. What about my client’s dead 
external drive? 

As luck would have it, I had an 
identical working example of this 
particular make and model which 
we utilised as a workshop spare. And 
while the client wasn’t prepared to pay 
thousands to recover his data, he was 
prepared to let me try a platter swap, 
even after I’d explained that it would 
probably result in the data being com- 
pletely unrecoverable if (as I quietly 
expected) it all went pear-shaped. 

As mentioned, the challenge here 
involves getting the heads out of the 
way while the platters are removed, 
while maintaining the positions of the 
platters in relation to each other. For- 
tunately, this drive was a single-platter 
model, so platter alignment was one 
thing less to worry about. 

However, we were still faced with 
removing the heads and platter with- 
out the two touching. A good friend of 
mine owns a laser engraving/cutting 
machine so after doing a lot of meas- 
uring and research into head-comb 
design, I whipped up the pattern for 
a suitable comb using my graphics 
software and emailed the relevant 
files off to my buddy Gary. He then 
laser-cut several combs for me out of 
various types of plastic. 

In practice, the comb is slipped 
between the heads and the chassis 
of the drive. As a comb is pushed in, 
the heads are spread apart and held a 
few millimetres clear of the platters. 
The whole head assembly can then be 
turned out of the way with the comb 
in place and removed without fear of 
any of the heads touching the platter. 

But even with the comb, it isn’t 
all plain sailing; I still had to be very 
careful removing the head assembly. I 
know what you’re thinking; all I need 
now is one set of combs for every make 
and model of hard drive and I’m half 
way towards providing a full data re- 
covery solution. The problem is, given 
the number of people not opting for a 
more expensive service, it isn’t worth 
the investment. 
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Anyway, having successfully remov- 
ed the heads from the dead drive, the 
same comb was then used to remove 
the heads from the known good drive. 
It was then used again when putting it 
all back together, after swapping over 
the platter from the client’s drive. 

At this stage, I had serious doubts 
as to whether it would work, given I’d 
swapped the platter without a clean 
room and without most of the spe- 
cialised equipment usually needed. 
You can imagine my amazement then 
when the reassembled drive was de- 
tected and subsequently mounted by 
Windows when I connected it to my 
data recovery computer. What’s more, 
I was then able to fully recover the 
client’s data. 

This outcome was more down to 
luck than skill and while I could 
probably do the same thing with other 
faulty drives, I’d need the correct head 
combs and a good matching hard drive 
in each case. And as anyone who has 
tried this knows, finding an identical 
donor drive to match a dead unit is al- 
most impossible given just how many 
variations there are in make, model 
and firmware revisions. 

In short, this was simply one of 
those ‘miracle’ jobs where the planets 
aligned and the gods smiled. 


My second miracle 


Another miracle job happened not 
long ago when a tourist dropped into 
the workshop with a USB flash drive 
that no longer worked. It didn’t take 
a technician to figure out why; when 
shaken, the thing rattled and you 
didn’t need to be Einstein to figure 
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out that something inside had 
come adrift. 

I informed the client that I’d 
have to crack open the plastic 
case to check it out and he 
agreed, accepting my advice 
that the data was probably un- 
recoverable anyway. As I prised 
the case apart with a craft knife, 
one of the four memory chips 
inside fell out onto the counter, 
the result of poor soldering dur- 
ing manufacture. 

The client was very keen to 
recover the data, so I suggested 
I try re-soldering the chip to 
the circuit board. I had serious 
doubts as to whether it would 
work but since I have a rather 
nifty set of soldering tools, I 
figured it was worth a shot. 

I used a soldering technique 
Pd employed before when 
soldering a JTAG socket to my 
mobile phone. First, I spread 
soldering flux over all the bare pins 
on the circuit board and then used its 
adhesive properties to hold the chip in 
place while I wiped down each row of 
pins with a well-tinned soldering iron. 
The flux melted and the tiny connec- 
tions soldered as if by magic. 

A quick check under a magnifying 
lamp confirmed that all the connec- 
tions were sound. I was still convinced 
it had all been a waste of time but when 
I plugged it into a PC, all the files were 
visible. I glued the case back together 
and the client went away, happy as 
Larry. 

So once again, although some skill 
was involved, the eventual outcome 
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was down to the God of Servicemen 
providing yet another miracle! 


PC power supplies 


PC power supplies are generally 
not worth repairing but sometimes it 
pays to give it a go. You win some and 
you lose some according to regular 
contributor B. P. of Dundathu, Qld... 

From time to time, dead and/or dy- 
ing PC power supplies come into my 
possession from various sources. My 
usual modus operandi is to give them 
a quick check with a basic LED Power 
Supply Tester to see if they work. If 
they don’t work, they are stripped for 
parts. Conversely, if they work with the 


MARCH 2014 41 


Serviceman's Log = continued 


upright incorrectly 


WikeGathernmostat 


R. B. of Nunawading, Victoria 
recently tracked down a couple of 
faults in his upright freezer, one of 
which was there from new. Here’s 
his story... 

A number of years ago, we pur- 
chased a Westinghouse FJ208S 
upright freezer. This freezer is a 
frost-free type and it worked well, 
although I was surprised that the 
compressor appeared run most of 
the time. However, as it’s located in 
the laundry and cops a beating from 
the hot summer sun, I wasn’t overly 
concerned about this, particularly 
as it was worked well and kept the 
food frozen. 

And then, about two or three years 
after we purchased it, I noticed a 
build-up of ice in the bottom of the 
freezer. I didn’t do anything about 
this until one day I noticed water 
on the floor, in front of the unit. As 
a result, I removed the wire basket 
from the bottom of the freezer and 
gradually removed the ice build- 
up. This subsequently became a 


LED Tester, they are then checked with 
a Digital Power Supply Tester. If they 
pass this test, I then take a closer look, 
to determine what faults they have. 
The fault has to be simple though. 
Finding complicated faults can be 
difficult and time-consuming, so it’s 
not worthwhile doing given the low 
cost of new units. However, it can be 
worthwhile repairing the better-quality 
supplies if they just need a few capaci- 
tors replaced or a dry joint resoldered. 
Recently, I was given two suspect 
supplies, one of them a Thermaltake 
430W unit. When I had a spare minute, 
I set about testing them. I began by 
plugging the Thermaltake supply into 
the power and hit the power switch, 
only to be greeted by a very loud 
bang. The power also tripped out, so 
Iimmediately unplugged the unit and 
went outside to reset the safety switch. 
Next, I removed the cover from the 
supply and found that it looked like 
new inside. There was no obvious sign 
of any fault at first glance but then I 
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regular task every nine months or 
so, depending on the quantity of ice 
forming on the bottom. 

This went on for some time until, 
one day, I retrieved a tub of ice-cream 
from the freezer and found it to be 
a bit softer than normal. I had a 
mechanical freezer thermometer, so 
I placed it in the unit and checked 
it at regular intervals. This revealed 
that the temperature was varying 
substantially and this meant that 
the freezer’s thermostat was pos- 
sibly faulty. 

I recalled that in February 2009, 
SILICON CHIP published a construc- 
tion article for the Tempmaster 
Mk2, which could be set for a range 
of 2-19°. As a result, I emailed the 
magazine to see if the circuit could 
be modified so that it could be set at 
a lower temperature, with the idea 
of putting it into the freezer and 
bypassing the internal thermostat. 

I received a prompt reply advis- 
ing that I could change the “3.3kQ 
resistor between trimpot VR1 and 


noticed a small fragment from a high- 
voltage capacitor in one corner of the 
case. I tipped this out and then looked 
around the input area and found that 
one of the suppression capacitors had 
blown to pieces. 

So what had caused this to happen? 
It appears that a power surge had 
overloaded the suppression capacitor 
and this had shorted its Active side 
to Earth. This would have taken out 
the power at the time but at least it 
protected the rest of the power supply 
from damage. The shorted suppression 
capacitor then exploded and tripped 
the safety switch when I subsequently 
tested the supply. 

I grabbed the remains of the dead 
capacitor with long-nosed pliers and 
destroyed it completely, in order to 
remove it from the PCB. I then grabbed 
my multimeter and checked the 240V 
input pins to verify that nothing was 
shorted to earth (the reason the safety 
switch had tripped). 

This gave the all-clear, so I plugged 


T= 


test point TP1 to 2.7kQ” to give a 
range of -23°C to -2°C. As a result, I 
purchased the kit from Jaycar, con- 
structed it with the modification and 
set it up in the freezer. I then moni- 
tored the mechanical thermometer 
in the freezer to set the controller 
to the required temperature and it 
then worked well apart from a re- 
lay chatter issue which, following 
another email to SILICON CHIP, was 
soon resolved. 

Some time later, I was having cof- 
fee one day with a mate (who had 
purchased the same model) and I 
explained to him how I had modi- 
fied our freezer. He had also found a 
build-up of ice in his freezer a couple 
of years after purchase and after 
some investigation, had discovered 
that the mechanical timer control- 
ling the defrost cycle had seized. 

During normal operation, this 
timer periodically activates a heating 
element at the back of the freezer. 
This melts any build-up of ice which 
then drains to an open container on 
top of the compressor, where it even- 
tually evaporates. My friend had 
tried freeing up the faulty timer but 
when this didn’t work, he replaced 
it with a new unit. 

Knowing that I was interested, my 
friend also gave me all the details re- 


the supply into power and switched it 
on. Nothing untoward happened, so I 
grabbed my LED Power Supply Tester, 
plugged it in and found that the sup- 
ply now worked. Further checks with 
my Digital Power Supply Tester then 
showed that all the output voltages 
were good. 

After that, it was simply a matter of 
removing the PCB and replacing the 
blown suppression capacitor with one 
salvaged from a dead power supply. 

Having successfully repaired that 
unit, I moved on to the second unit 
but found that it was almost dead, 
with only the 5V standby rail working. 
It was wrecked and yielded several 
useful spares that can be used for 
other repairs. 


Lumina vacuum cleaner 


Another piece of gear that Irecently 
saved from going into landfill was a Lu- 
mina upright carpet sweeper-vacuum 
cleaner. It was given to me by a friend 
who knew that I “fixed things”, with 


siliconchip.com.au 


garding the steps he went through to 
replace the timer and even where to 
source anew one. And so, soon after, 
I purchased one and removed the 
inside back panel from the freezer 
so that I could access the existing 
timer. It too was frozen (I guess quite 
appropriately in a freezer!). 

Anyway, the residual ice was re- 
moved and the new timer installed. 
That done, I figured that the freezer 
would now be back to normal op- 
eration but I think Murphy must 
have been looking on. Although 
the freezer was getting cold, down 
to -20°C, it again appeared that the 
compressor was running more often 
than it should. 

This was becoming annoying and 
I now figured that it was time to re- 
place the thermostat with anew one. 
Before disconnecting the wiring, 
I drew a diagram and took several 
photos to ensure that I connected 
the replacement correctly. This was 
eventually done but I was concerned 
at just how close two of the three 
connections were (pins 4 & 6). In 
fact, it was possible to make them 
contact each other just by angling 
them slightly on their mounting 
lugs, so I put some heatshrink sleev- 
ing on one of them. 

I then began thinking that this 


the comment that it wouldn’t turn on 

Because it only cost around $100, 
they had simply purchased a new one 
and if I didn’t want the faulty unit, it 
would go to the dump. However, I de- 
cided that it would be well worthwhile 
taking a look at it, as the fault was prob- 
ably something simple. What’s more, 
it was still in pretty good condition 
overall, so if it could be repaired, it 
would be quite useful. 

The first challenge was to determine 
how to dismantle it. It was hard to 
know where to start but removing 
some 20 screws soon had the unit 
broken down into about 12 separate 
pieces and I was able to access the mo- 
tor. I checked the brushes and found 
that they were almost like new, so no 
worries there. 

Next, I turned my attention to the 
power switch, as this was now the 
most likely cause of the problem. To 
test it, I simply disconnected the two 
leads that ran to it and connected them 
together. I then plugged the cord in, 


siliconchip.com.au 


was rather unusual so I grabbed the 
multimeter and sure enough, the two 
connections were common. So there 
was no need for the heatshrink after 
all! I then went back to the diagram 
my mate had sent me and suddenly 
realised that the original thermostat 
had been incorrectly wired in the 
factory. It was effectively bypassed 
and the compressor had been run- 
ning almost constantly since new! 
Having found this error, I connect- 
ed the thermostat wires correctly (ie, 
leads to pins 3 & 4 plus the Earth 


applied power and quickly switched 
off again when the motor fired up. This 
confirmed that the motor was in good 
working order and that the switch was 
indeed the culprit. 

The next challenge was to remove 
the switch. It was obviously inserted 
from the top but there was a spring- 
loaded button on the outside of the 
casing and there was no obvious way to 
remove it. In the end, I slid a thin knife 
blade up the side of the switch button, 
while holding the top. The button then 
came off and revealed a spring and 
a retainer which held the switch in. 
After undoing the two screws in this 
retainer, I had the switch in my hand. 

This is a rather unusually-shaped 
switch and would be difficult to 
source as a spare part, so I carefully 
and slowly prised the two small re- 
taining clips up and gently lifted the 
top of the switch off. Inside, I found a 
spring and a small arm, which had a 
contact at one and and a raised bend 
at the other end which sat in a hollow 


connection) and the freezer then 
ran perfectly. Pin 6 of the thermostat 
isn’t used here as there is no light in 
the freezer. I can’t confirm this but 
I assume that when the compressor 
wasn’t running, it had become too 
hot and some sort of safety device 
had shut it down. 

So the poor, old compressor in 
this freezer had had a hard life due 
to an incorrectly wired thermostat. 
Hopefully, it will now last many 
more years and in the meantime, I 
have a spare thermostat! 


THIS IS A RATHER 
UNUSUALLY SHAPED 
SWITCH 


section of the connector at the bottom 

of the switch. 
The reason for the switch failing to 
work was obvious. A thick insulating 
continued on page 103 
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OST OF US DON’T ever get our 

DMMs calibrated, though we 
know that they do drift out of calibra- 
tion over years of use. However, if you 
are using them during the course of 
your work, they should be checked 
every year or so — otherwise how can 
you trust the readings? 


GND 
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Ever checked the calibration of your digital 
multimeter? OK, we know... you haven’t 
because there’s no easy or cheap way of 
doing it. But now you can, with this low-cost 
precision DC voltage reference. Without any 
adjustment it will provide you with a source 
of 10.000V DC accurate to within +5mV or 


+0.05%. 


JIM ROWE 


The problem is, it can cost quite a 
lot to send a DMM away to astandards 
lab for calibration — more than many 
DMMs are worth. So generally we 
either hope for the best or simply buy 
a new DMM if we suspect that our 
existing meter has drifted too far out 
of calibration. 


Fig.1: block diagram 
of the AD587 10V 
voltage reference. It 
consists of a buried 
zener diode and its 
associated current 
source, plus op amp 
IC1 which operates 
as an adjustable 
gain buffer stage. 
Buried zeners have 
their avalanche zone 
several um inside 
the oxide layer and 
so do not suffer from 
long-term drift or 
‘walkout’. 


Back in the 1970s, when DMMs first 
became available, the only practical 
DC voltage reference was still the Wes- 
ton cell. This wet chemical ‘primary 
cell’ had been developed in 1893 and 
subsequently became the international 
standard for EMF/voltage in 1911. It 
produced an accurate 1.0183V refer- 
ence which could be used to calibrate 
DMMs and other instruments. 

Unfortunately, Weston cells were 
fairly expensive and few technicians 
had direct access to one for meter 
calibration. As a result, a reasonably- 
fresh mercury cell was often used as a 
kind of ‘poor man’s’ voltage reference. 
Fresh mercury cells have a terminal 
voltage very close to 1.3566V at 20°C 
and the voltage falls quite slowly to 
about 1.3524V after a year or so. Silver 
oxide cells were also used for the same 
purpose, having a stable terminal volt- 
age very close to 1.55V. 

Of course, batteries have a tendency 
to obey ‘Murphy’s Law’ and usually 
turn out to have quietly expired just 
before you need them. And although 
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If you have-access to a high-prec 


mercury and silver oxide cells have 
quite a long life, especially if you use 
them purely as a voltage reference, 
they certainly aren’t immune to this 
problem. So these batteries make a 
pretty flaky voltage reference, at best. 

Fortunately, in the 1980s, semicon- 
ductor makers developed a relatively 
low-cost source of stable and accurate 
DC voltage: the monolithic voltage ref- 
erence (MVR). This is basically a very 
accurate voltage regulator. It produces 
a precise regulated DC output voltage 
when fed with unregulated DC power 
but unlike the more familiar 3-terminal 
regulators, it can supply very little 
current. 

The Analog Devices AD587 device 
used in this new Precision 10V Refer- 
ence Mk.2 incorporates a number of 
recent advances in MVR technology. 
These include an ion-implanted ‘bur- 
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ied’ zener reference diode plus high 
stability thin-film resistors on the wa- 
fer. These resistors are laser-trimmed 
to minimise drift and provide higher 
initial accuracy. 

The AD587 also operates from an 
unregulated input voltage of between 
+15V and +18V, with a quiescent cur- 
rent of just 4mA. This is somewhat 
lower than earlier MVRs, making it 
very suitable for battery-powered 
operation. 


Block diagram 


Fig.1 shows what’s inside an AD587. 
The voltage reference cell itself is at 
upper left, consisting of the ‘buried’ 
zener and its current source. 

The other main circuit section is op 
amp A1, used as an adjustable gain 
buffer. Rp, Ry & Rr are high-stability 
thin-film resistors, laser trimmed to 
allow the gain of A1 to be set with a 
high degree of precision. The output 
voltage (between pins Vout and GND) 
is initially set to 10.000V +5mV for the 
AD587KNZ version used here, without 


— 


ee 


ion bench multimeter like this A can tweak 
the output of your 10V Reference so that it is really close to 10.00000V*Mind-you, the 
last one or two digits will always**bobblevaboutzdue;topresidual noise superimposed 
on the 10V Referencé’s output and also due to the normal digital uncertainty of the 
last digit insstch a precision instrument. The bench multimeter also needs to have 
been calibrated within the last year or so in order to be absolutely certain that its 
readings are as accurate as possible. 


any external adjustment. In addition, 
temperature compensation inside the 
cell gives the basic voltage reference a 
very low temperature drift coefficient 
— typically +10ppm/°C. 

Note that a slightly lower-spec ver- 
sion of the AD587 is also available, 
the AD587JNZ. This offers an initial 
(untrimmed) DC output voltage of 
10.000V +10mV, with a temperature 
drift coefficient of +20ppm/°C. So you 
could use it as an ‘almost as good’ al- 
ternative if the KNZ version becomes 
unavailable. 

Although the ‘untrimmed’ initial 
accuracy of the AD587KNZ (10.0V 
+0.05%) is good enough for calibrat- 
ing most low-cost DMMs, the chip can 
also be easily trimmed to improve its 
accuracy by a factor of greater than 
10 times, ie, to around +0.002%. This 
is done by connecting its TRIM pin 
(pin 5) to a trimpot circuit, connected 
between the Voyr and GND termi- 
nals. This allows the gain of A1 to be 
adjusted to give an output anywhere 
within the range 9.900V to 10.300V, 
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with no adverse effect on temperature 
stability. i 

If this trim adjustment range seems 
a little wide, this has been done delib- 
erately to provide the option of setting 
the output voltage to 10.240V. It can 
then be used as a reference source for 
binary DACs and ADCs (more about 
this later). 

The 400mV adjustment range does 
mean that in order to accurately set 
the output voltage, we have to use 
a 25-turn trimpot in series with two 
fixed resistors. And of course, in 
order to take advantage of this trim- 
ming feature, you really need access 
to an even higher precision voltage 
reference to compare it with. Either 
that, or access to a recently calibrated 
high-resolution DMM. 


Circuit details 


Refer now to Fig.2 for the complete 
circuit details. There’s not a lot to it 
— just the AD587KNZ precision volt- 
age reference (IC1) plus some extra 
circuitry to allow the AD587KNZ to 
run from two 9V alkaline batteries 
to provide a truly portable reference. 

This additional circuitry is based 
around IC2, a programmable CMOS 


46 SILICON CHIP 


$C PRECISION 10V REFERENCE MK2 


Fig.2: the complete circuit diagram. IC1 is the precision 10V reference, while IC2 operates as a 90s timeout counter. When 
S1 is pressed, IC2 turns Mosfet Q1 on for 90s and connects IC1 and LED1 across the 18V supply. 


timer. It provides a 90-second timeout 
function and controls IC1’s operation 
via Q1, a BUZ71 (or IRF1405) N- 
channel Mosfet. 

IC2 (4541B) is basically a binary 
counter with 16 stages. It can be con- 
figured as either an 8, 10, 13 or 16-stage 
counter by changing the logic levels 
to which its two ‘CSEL’ programming 
inputs (pins 12 & 13) are connected. 
In this circuit, both these inputs have 
been connected to +9V (ie, tied high), 
to configure the counter to use its full 
16 stages. 

The 4541B also contains its own 
clock oscillator, the frequency of which 
is set by the RC timing components 
connected to pins 1, 2 & 3. In this case, 
the values specified give an overall 
timer period of around 85-90 seconds. 

IC2’s output at pin 8 drives Mosfet 
Q1’s gate via a 1009 resistor. As a re- 
sult, each time pushbutton switch S1 
is pressed (and resets the counter), pin 
8 of IC2 goes high and Q1 turns on and 
connects IC1 across the 18V supply 
for the duration of the 85-90s timing 
period. At the end of this period, pin 
8 switches low and Q1 turns off to 
remove power from IC1 and conserve 
battery life. 


` Ql 
‘)BUZ71 OR 
IRF1405 


Pressing S1 again starts the timing 
period all over again, if further calibra- 
tion checks are necessary. 

Power comes from the two 9V bat- 
teries, while D1 & D2 act as voltage 
clamps to provide reverse polarity 
protection ifa battery is connected the 
wrong way around. LED1 and its as- 
sociated 12kQ current limiting resistor 
are connected across IC1’s supply pins, 
so the LED functions as a power-on 
indicator. Using a high-efficiency 3mm 
blue LED gives a very visible indica- 
tion while adding less than 1.5mA to 
the total current drain. 

By the way, you may be wondering 
why we have used a BUZ71 or IRF1405 
power Mosfet for Q1 when IC1 and 
LED1 only draw a maximum of 16mA 
or so, even with a 10mA external load 
(the maximum current the AD587 can 
provide). This is because the BUZ71 
(or IRF1405) offers a much lower on- 
resistance than smaller low-power 
Mosfets like the 2N7000. This provides 
a much lower voltage drop and allows 
us to achieve significantly longer life 
from the 9V batteries. 

The connections for IC1 itself are ` 
easy to follow. The 1pF capacitor con- 
nected between pin 8 (NR) and pin 4 
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Fig.3: follow this layout diagram build the unit but note that switch S1 and the two binding post terminals are soldered 


to the PCB only after they have been mounted on the case lid (see text). Leave out trimpot VR1 and the 2.2kQ and 6.8kQ 
resistors if you don’t intend calibrating the unit. Note: the prototype PCB shown in the photo lacks the reverse-polarity 
protection diodes and the strain relief holes for the battery leads included in the final version. 


(GND) is there to provide additional 
low-pass filtering of any noise gener- 
ated by the AD587’s buried zener. 
It works in conjunction with series 
resistor Rg, which is shown in Fig.1. 

Trimpot VR1 and its two range set- 
ting resistors are for ‘trimming’ the 
output voltage of IC1 to the desired 
10.000V or 10.240V. However, note 
that there’s no point in fitting these 
parts unless you have access to a very 
accurately-calibrated DMM, to com- 
pare it against while you're doing the 
trimming adjustment. In fact, these 
parts must be left out if you have no 
way of performing the calibration, 
otherwise they will upset the accuracy. 

Conversely, if you are able to carry 
out calibration, the resistor values 
shown (2.2kQ & 6.8kQ) will give a 
trimming range centred on 10.000V. 
Alternatively, if you want the trim- 
ming range to be centred on’10.240V, 
change the 2.2kQ ‘upper’ resistor to 
8.2kQ and change the 6.8kQ ‘lower’ 
resistor to 1.0kQ. 

In both cases trimpot VR1 should 
have a value of 1kQ as shown, and 
should be of the 25-turn cermet type. 


Construction 
Building the Precision 10V Refer- 


Tables |Resistoncolouncodes 


ence Mk.2 is easy. All parts except 
for the binding post output terminals, 
switch S1 and the two 9V alkaline 
batteries are mounted on a single PCB 
coded 04104141 and measuring 63 x 
53mm. This board fits inside a diecast 
aluminium box measuring 111 x 60 x 
30mm, which not only protects the 
assembly but also provides shielding. 

Fig.3 shows the parts layout on the 
PCB. Note that although trimpot VR1 
and its series resistors are shown here, 
these parts are optional and should 
only be installed if you can calibrate 


- The PCB is secured to the case lid on two M3 x 
15mm spacers at one end before soldering the switch 
d binding post terminals. ‘ P 


the device (as mentioned earlier). 
Begin the assembly by installing 
the wire link, then fit the five fixed 
resistors on the lefthand side of the 
PCB, plus the two series resistors for 
trimpot VR1 if it’s being used. That 
done, fit the three multilayer ceramic 
capacitors, making sure that the 1pF 


labley2sCanacitoncoues 


Value uF Value IEC Code EIA Code 
1uF 1uF 1u0 105 
100nF 0.14pF 100n 104 


a No. Value 4-Band Code (1%) 5-Band Code (1%) 

m 1 22kQ red red orange brown red red black red brown 

m 1 12kQ brown red orange brown brown red black red brown 

m 2 10kQ brown black orange brown brown black black red brown 
=| 1 6.8kQ blue grey red brown blue grey black brown brown 
d 1 2.2kKQ red red red brown red red black brown brown 

m) 1 brown black brown brown brown black black black brown 
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Rantsitist 


1 diecast aluminium case, 111 x 
60 x 30mm (Jaycar HB-5062 
or similar) 

1 PCB, code 04104141, 63 x 
53mm 

1 front-panel label 

1 SPST panel-mount momentary 
pushbutton switch (S1) 

1 14-pin DIL IC socket (optional) 

1 red binding post terminal 

1 black binding post terminal 

2 M3 x 15mm tapped spacers 

5 M3 x 6mm machine screws 

1 M3 hex nut 
1 M3 shakeproof washer 
2 9V battery clip leads 
-2 9V alkaline batteries 
1 1kQ cermet trimpot, 25-turn 

vertical (VR1) 

1 100mm length double-sided 
tape 


Semiconductors 

1 AD587KNZ or AD587JNZ 10V 
voltage reference (IC1) 

1 4541B programmable CMOS 
timer (IC2) 

1 BUZ71 or IRF1405 Mosfet (Q1) 

2 1N4004 diodes (D1, D2) 

1 3mm high-intensity blue LED 

(LED1) 


Capacitors 
1 1uF multilayer ceramic 
2 100nF multilayer ceramic 


Resistors (0.25W, 1%) 

1 22k 

1 12kQ 

2 10kQ 

1 6.8kQ (or 1kQ for 10.240V 
output) 

1 2.2kQ (or 8.2kQ for 10.240V 
output) 

1 1009 


capacitor goes in at top right. 

Now for the two ICs. IC1 must be 
soldered directly into the board, to 
ensure reliability (and avoid possible 
contact resistance). IC2, on the other 
hand, can either be soldered directly 
to the PCB or can be installed via a 
14-pin DIL socket. Make sure that 
both ICs are correctly orientated. 

Trimpot VR1 is next on the list, fol- 
lowed by Mosfet Q1. Note that Q1’s 
leads must be bent down through 
90° about 5mm from its body before 
mounting it in place. Push it all the 
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HOLES A: 3.0mm DIAMETER HOLE B: 3.5mm DIAMETER 
12.5mm DIAMETER HOLES D: 9.0mm DIAMETER 


HOLE C: 


(ALL DIMENSIONS IN MILLIMETRES) 


Fig.4: this diagram shows the drilling template for the front panel. It can 
either be copied or downloaded from the SILICON CHIP website. 


way down so that its metal tab sits 
flush against the PCB and secure it 
using an M3 x 6mm machine screw, 
nut and shakeproof washer. 

Do the screw up firmly, then solder 
the Mosfets leads to their respective 
pads (note: don’t solder the leads first, 
otherwise the PCB tracks will crack 
as the mounting screw is tightened 
down). 

LED1 can now be installed, making 
sure its longer anode (A) lead is orien- 
tated as shown. It should be mounted 
about 7mm proud of the PCB (use a 
cardboard spacer). Solder just one lead 
and don’t trim the leads at this stage, 
as you may have to adjust its height 
later, after the PCB assembly has been 
mounted on the rear of the lid. 

Next, pass the four battery snap 
leads through the strain-relief holes 
and solder them to the PCB. That done, 
cover these connections with silicone 
to prevent the leads from breaking. 

Be sure to connect the red wire 
from each battery snap to the pad 
marked ‘+’. 

Your PCB assembly will now be 
finished and can be placed aside while 
you prepare the case — or strictly, the 
case lid since there are no holes to be 
drilled in the case itself. 


Drilling the case lid 


Fig.4 shows the drilling template 
for the case lid. You have to drill/ream 
seven holes in all — for the output ter- 
minals, switch S1, power LED and PCB 
mounting, plus a screwdriver access 
hole for trimpot VR1 (if necessary). 

Fig.4 shows the location and size 


of each of these holes. You can either 
follow this diagram to mark out the 
lid for drilling or you can copy it, cut 
it to size and attach it directly to the 
lid (using double-sided tape) for use 
as a drilling template. The drilling 
template is also available for download 
from our website (free for subscribers). 

Use a small pilot drill to start the 
holes, then remove the template and 
carefully drill and ream them to size. 
Deburr each hole with an oversize drill 
or in the case of the three larger holes, 
a small rat-tail file. 

Now for the front panel artwork. 
This artwork can be obtained either by 
photocopying Fig.5 onto an adhesive- 
backed label or it can be downloaded 
as a PDF file from the SILICON CHIP 
website (again, free for subscribers) 
and printed out. It can then be covered 
with a self-adhesive transparent film 
to protect it from finger marks. 

Alternatively, it can be photocopied 
onto plain paper, hot-laminated into 
a clear protective sleeve and then at- 
tached to the lid using double-side 
tape or silicone adhesive. The various 
holes can then be cut out using a sharp 
hobby knife. 

Pushbutton switch S1 can now be 
mounted on the lid, taking care to 
orientate it so that its two connection 
lugs are aligned along the long axis. 
This is necessary so they will later 
fit through their holes in the centre 
of the PCB. That done, attach the two 
output terminals (binding posts) to the 
lid, making sure that the red terminal 
goes to the ‘+’ position and the black 
terminal to the ‘-’ position. 
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Maximum output current: 10mA 


<6.5mA 


Sieciticationsy 
Output voltage: 10.000V DC (10.240V optional — see text) 
Basic accuracy: +0.05% (+5mV) without adjustment, +0.002% after trim adjustment 


Long term drift: <15ppm per 1000 hours, mostly in first year of operation 
Temperature stability: <7mV change between 0°C and +70°C 


Noise on output: <4uV peak-to-peak (0.1Hz — 10Hz); <180uV peak-to-peak (DC - 1MHz) 
Load regulation: less than +100yV/mA for loads up to 10mA 
Power supply: 2 x 9V alkaline batteries; quiescent current drain (when operating) 


© Auto-off time: 90 seconds; standby current 10nA 


This is the view inside the completed unit. 


together and to the bottom of the case using double-sided adhesive tape. 


Tighten the mounting nuts of the 
terminals as firmly as possible, so that 
they’re held securely in place. 


Final assembly 


As shown in the photos, the PCB 
mounts on the back of the lid and is 
supported by two M3 x 15mm tapped 
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spacers at one end and by the two out- 
put terminal connections at the other. 

The first step is to fit the two M3 x 
15mm spacers to the ‘battery end’ of 
the PCB. That done, the PCB can be 
fitted in place, making sure that (1) 
both switch lugs pass through their 
matching holes; (2) LED1 passes up 


(USAN, 


Helping to put you in Control 


Voltage to 4-20 mA Converter 
Converts any DC voltage a 
range from below 0.1 V to 2 
above 30 VDC to 4 to 20 
mA. 2 trimpots and a switch 
allow you to easily configure ® 
it. 8 to 30 VDC powered with 
DIN rail mount enclosure. 

SKU:KTA-289 Price:$75+GST 


Power HD Giant Servo 
The Power HD 1235MG 

servo is all about torque. This 
1/4-scale servo can deliver 
an incredible 560 oz-in of 
torque at 7.4 V or 490 oz-in 
at 6 V, and it features an all- 
metal gear train, digital control electronics, 
and two ball bearings on the output shaft. 
SKU:MOT-320 Price:$79.95+GST 


Arduino Yun 

The Arduino Yun is packed 
with features, comes with 3 
an ATmega32U4 micro- 
controller (the same as 
the Leonardo) and a Linux 
system based on the 
Atheros AR9331 chipset. 
Additionally, there are built-in Ethernet and 
WiFi capabilities, enabling it to communi- 
cate with networks out of the box. 
SKU:POL-2472 Price:$99.95+GST 


12 VDC Relay Card On DIN Rail 
Eight-way each relay card 
on DIN rail mount. Relay 
is triggered if the low 
input is pulled below 0.8 
VDC or if the high input is 
pulled above ~2.4 VDC. 
12 VDC powered. 
SKU:RLD-128 


Price:$109.95+GST 


DIN Rail Power Supply 
120 W Slim High Efficiency DIN 
Rail Power Supply takes 88 

to 264 VAC /.124 to 370 VDC 
input and gives 24 VDC out at = 
up to 5 A. Power in and out are 
connected via screw terminals. 
A trimpot allows the output 
voltage to be adjusted approxi- 
mately +10%. 
SKU:PSM-251 


Price:$129.60+GST 


Programmable Bar Graph Display 
Universal linear input, DIN rail 
mount programmable tri-colour 
LED bar graph unit. 
Programmable 3 digit display with 
1 x SPDT relay output. 12 to 24 


VDC/AC powered. 
SKU:CMC-030 Price:$259+GST 


Site-Log Progammable Datalogger 
LPVB-1 is an 7-channel, 
stand alone programmable 
voltage data logger, which 
records up to 4Mb of data 
and stores it in non-vola- 
tile flash memory for later 
retrieval. DIN rail mount 
and housed in an alumium enclosure. Bat- 
tery life up to 10 years. 

SKU:MED-001 Price:$549.00+GST 


For OEM/Wholesale prices 
Contact Ocean Controls 
Ph: (03) 9782 5882 
oceancontrols.com.au 
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9605169) costs $9.57 plus GST. 


DeviceAvatlaility 


Analog Devices make 18 different versions of the AD587, many of them in small outline 
(SOIC) SMD plastic or CERDIP packages. By contrast, the AD587KNZ and AD587JNZ both 
come in 8-pin PDIP packages and are quite reasonably priced. 

Both are currently available in Australia from suppliers such as elementi4 and RS 
Components. For example element14 (au.elementi4.com) has the AD587KNZ (order 
code 2143134) available for $13.57 plus GST, while the lower-spec AD587JNZ (order code 


Similarly, RS Components (australia.rs-online.com) sells the AD587KNZ (order code 


more at $9.58 plus GST. 


through its corresponding hole in the 
lid; and (3) the binding post spigots 
pass down through their matching 
holes in the PCB. The PCB can then 
be fastened in position using two more 
M3 x 6mm machine screws which pass 
through the lid and into the spacers. 
Once it’s in place, the switch lugs 
and binding post spigots can be sol- 
dered to their respective PCB pads. If 
necessary, the solder connection on 
the LED lead can then be melted and 
the LED adjusted so that it just pro- 
trudes through its front-panel mount- 
ing hole. The remaining LED lead can 
then be soldered and the first lead then 
redone with some fresh solder. 
Finally, the battery snap leads can be 
fitted to a pair of new 9V alkaline bat- 
teries, after which the batteries can be 
held together using a strip of double- 
sided adhesive tape between them. 
Two more strips of double-sided tape 
are then used to secure the batteries 
to the bottom of the case, after which 
the lid/PCB assembly can be fitted and 
the lid fastened down using the four 
countersunk M4 screws supplied. 
That’s it — your Precision 10V DC 


9 Rigid PCBs (up to 32 layers), 


: 9 Component Procurement 
> Laser Cut SMT Stencil 


Y) 100% Genuine Parts 
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523-7415) for $9.38 plus GST, while the AD587JNZ (order code 41 2-579) is actually slightly 


You shouldn’t have any trouble getting the 4541B programmable timer, either. For example, 
element14 has it (order code 1106124) for less than $1.00. 


Rigid-Flexi, Flexible & Metal Core 


Reference Mk.2 is complete. Now for 
the smoke test. 


Using it 

There are no adjustments to be 
made to the unit, unless (as previously 
stated) you have access to a high- 
precision, recently-calibrated DMM to 
calibrate it against. If you’re not cali- 
brating the unit, you will be relying on 
the +5mV or better precision provided 
by the AD587KNZ chip itself. In that 
case, check that trimpot VR1 and/or its 
two associated resistors have been left 
out of circuit, otherwise the accuracy 
of the unit will be compromised. 

Using the Precision 10V Reference 
is simple — just press S1 to turn the 
the unit on for about 90s. As soon as 
you press $1, LED1 should light to 
show that the unit is operating and 
providing 10.000V +5mV at its output 
terminals, ready for calibrating your 
DMM or whatever. 

If you haven’t finished making 
measurements when LED1 turns off 
(ie, when the unit unit powers down), 
it’s simply a matter of pressing S1 again 
to power it up for another 90s. 


®© PCB Assembly 
(TH, SMT, micro BGA, QFN) 


9 Functional Testing 
IC Programming 


SILICON 
CHIP 


PRECISION 10V DC 
REFERENCE 


POWER ON 


7—— 10.000V —~. 
T TRIM + 
da ” ah 
WD ay 


Fig.5: this full-size front panel artwork 
can be laminated and attached using 
silicone adhesive or double-sided tape. 


Incidentally, you’ll find that when 
you first connect the battery snap leads 
to the batteries, LED1 will turn on to 
show that the unit is operating. This is 
normal and is simply due to the way 
that the 4541B timer chip works. 

Finally, if you wish to calibrate the 
unit, make sure VR1 and its associated 
resistors have been installed. It’s then 
just a matter of monitoring the output 
on a 6.5-digit (or better) bench DMM 
and adjusting VR1 to get a reading 
as Close as possible to 10.00000V (or 
10.24000V if you prefer). st 


ualiEco 


Circuits Pty Ltd. 


1300-BUY PCB 
(1300 289 722) 


pcb@qualiecocircuits.com.au 
www.qualiecocircuits.com.au 


= 
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©) Refund, 


We will refund 100%, 


if you are not entirely satisfied with 
our quality or service“ 
*Conditions Apply 
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Solar Rechargeable 


LED Floodlight with Motion Sensor 
A great way to light up a shed, workshop or 
garage without needing mains power. The LED 
light automatically turns on when darkness 
falls, and is activated when the 

PIR detects motion. 


* 10W power, cool white 
* 3W solar panel 

with 3m cable 
SL-2808 


Powerboard with Mains 
Filter, Telephone, Video 


& TV Protection 
Keep your home theatre 
equipment safe. 


* 8 surge and spike protected outputs 
* Data via a network connection 

+ Satellite/cable TV and TV aerials 
MS-4024 WAS $49.95 


Jaycar 


Electronics 


Multifunction Clock with Hidden Camera 
Full function LCD clock with a hidden spy camera. Set it up in 


an area of concern and it will detect motion then commence 
recording. 720p. AVI format. 4GB microSD card included 
(capable of taking a maximum of 32GB). 


e 1280 x 720 image capture 

* 12 hour recording 
time 

QC-8026 


5.8GHz Wireless AV Trandmitter 
and Receiver 

Transmits audio/video signals up to 50m clear line of 
sight. Compatible with most yah sysiams and AV 
equipment. Built-in 
infrared extender. 
Power supplies and 

AV cables included. 
AR-1878 WAS $99.00 


SAVE $10 


EENE 


To order call 1800 022 888 


SAVE $10 


MARCH EDITION 


Prices valid until 23/03/2014 


HD Car Event Recorder with LCD 


Watch recordings on the 2.5" colour LCD screen or on 
your TV. Includes cigarette lighter power cable, USB 
cable and suction mount bracket. 


+ 720p 5MP camera 

+ Motion detection 

* Cycled recording mode 
+ JPG snapshot button 

+ HDMI output 

+ Built-in rechargeable Li-ion battery 
+ Requires microSD memory card 
QV-3840 WAS $149.00 


2. 4GHz Digital Wireless Reversing _ 


Camera Kit 
Digital signal provides clear video, better range and 
security. Simple installation, 12V power for camera, 
cigarette lighter socket power for monitor. All size 
vehicles. Add up to 4 cameras (sold separately) for 
increased visibility. 
+ 3.5" colour LCD 
+ 100m range 
QM-3802 

WAS $249.00 


“SAVE $50 


Spare camera QM-3803 WAS $149 NOW $79 SAVE $70 


EtherTen pantie Compiti Board). 
Includes onboard Ethernet, a USB-serial converter, a microSD 
card slot for storing gigabytes of web server content or 
data, and even Power-over-Ethernet support. 


+ ATmega328P MCU 
running at 16MHz 

+ 10/100base-T 
Ethernet built-in 

XC-4216 


2014 


HDMI Over Cat 5 Extender 
Extend your HDMI signal up to 60m using 


NEW STORE 


CAT5/6 cables. Fully HDCP compliant. 
Built-in infrared extender. See website Modbury SA 
for full details. 
AC-1689 WAS $169.00 Visit our NEW premises 
952 North East Rd 
SA 5092 


ph: 1800 022 888 


Night Vision Monocular 
Monocular scope with integrated infrared 


2. AGHz Digital Wireless tendntanes 


Stylish wireless headphones with a digital TOSLINK audio | 
input to connect your digital devices such as home theatre | 


system, gaming consoles, CD and DVD players. 


+ Built-in rechargeable battery 
+ Built-in FM radio 
+ Up to 50m range 

under optimal 

conditions 
AA-2086 


900MHz version also available 
AA-2083 $79.95 


illuminator for observing in total darkness. 
3 x magnification. Tough housing. 
Ideal for viewing wildlife at night, 
security personnel etc. 


* Max range: 150-200m 
(2-10 Lux) 
GG-2129 


Electonics 


Jaycar 


Cat Ill True RMS Autoranging 


DMM with Temperature 
Non-contact voltage testing. 

Backlit LCD. Leads, carrying 

pouch and k-type thermocouple 
included. 


* 4000 count 
_ + Foldout stand 
_ + Powered by 1 x 9V battery 
(included) 
QM-1551 


Professional Laser Distance Meter 
with Smartphone App 


Measure distance, area, and volume. Store the last 
20 measurements for easy comparison and referral. 
Paired with a Smartphone to 
email measurements with 

a picture or upload to 

the Cloud. 

QM-1624 


Plug-In Type USB Datalogger 
Log temperature and humidity readings. 
Download to PC via USB. 


* 32,000 memory samples 
QP-6013 


USB / LCD Readout Type 
also available QP-6014 $179.00 


3 in | Stud Detector 
with LCD Screen 


Survey your wall with ease by 
sliding this handheld detector 
along the surface. With three 
modes to sense: studs, cables, 
and metal, this handy device 
allows you to locate and mark 
items hidden within a wall. 


e Automatic calibration 
e Requires 9V battery 
QP-2283 


IMHz Velleman Handheld Function 


Generator 

A bench top generator in a portable size! Produces 
sine, square, and triangle waveform signals with 
output frequency adjustment from 1Hz to 1MHz with 
maximum amplitude of 8Vpp. See website for 


specifications. 


* Backlit LCD 

* Built-in rechargeable 
battery 

QT-2304 


2 To order call 1800 022 888 


Jumper Leads Set 
Each lead is 155m long. Can be installed on a 0.1" 
header. Use in ARDUINO projects, school 
experiments, or RC and other hobbyist activities. 

* 10-pce 


Mixed Plug to Socket/Socket 
to Socket - WC-6021 $3.95 


400 Amp Stainless Steel 


Battery Clamps 

All metal parts are made from 316 marine grade 
stainless steel and can be taken and used anywhere 
without the risk of corrosion. Rated 400A. 


* Sold as a pair 
HM-3086 
WAS $12.95 


Plug to Plug - WC-6022 $3.95 


a) 


IP67 True RMS DMM with Smartphone App 
View live measurements, trend graphs, data log, email your 
results and upload them to the Cloud - all from your Smartphone! 
Just connect this unit to your Smartphone and use the free 
Digitech DMM app and away you go. 


- IP67 waterproof 

* Bluetooth® Smartphone/PC interface 
* Data log storage 

* 10A current range 

QM-1576 


Wind Speed Meter/Thermometer 
Capable of measuring wind/airflow parameters at the 
same time as monitoring temperature. Auto power off. 


+ Metres/sec; km/hr; feet/min; miles-per-hour; knots 

* Cubic metres/minute; cubic feet/minute 

+ Air temp, 0-50°C (0.1°C 
resolution) 

QM-1646 


Economy Non-Contact 


Compact Digital 

Sound Level Meter 
Measures sound levels between 30 
to 130dB and can be set for fast or 
slow responses. Data hold. Min/ max 
function. Backlit LCD. Supplied with 
carry case, wind sock and battery. 


Thermometer 

Safely measure temperature in 
hot, hazardous, or hard to reach 
places with the built-in laser 
pointer directed at the surface. 


* 8:1 Distance to spot ratio 


+ Auto data hold + 3.5 digit display 

* Carry case * 30 to 130dB 
included * 210mm long 
QM-7215 QM-1589 

WAS $49.95 


10MHz Velleman Rechargeable 
Handheld Pocket Scope 
Complete portable oscilloscope! Aside from standard 
scope features, it has nifty tools for measurement of 
RMS speaker power, display hold function, and memory 


storage for 2 signals. Housed in a durable rubber 
surround. See website for full specifications. 


+ Backlit LCD 

* Built-in rechargeable battery 

* CRO probe and USB charge 
cable supplied 

QC-1914 WAS $249.00 


Savings off original RRP. Limited stock on sale items 


Electric Screwdriver Kit 
Powerful X torque electric driver with 
massive 102-piece stainless 
steel bits packed in a 
tough aluminium 
carry case. 
TD-2491 


Fast, easy to use with 
trigger controlled glue feed 
to repair many household 
materials. Supplied 
with 2 glue sticks. 


* Mains powered 
* 100W 
TH-1999 


Pack of 6 Glue Sticks also 
available TH-1995 $4.95 


Upright Gas Torch 
Versatile and ideal for 

silver soldering, jewellery 

work, plumbing, brazing or 
general hobby use. Easily filled 
with butane gas (sold separately). 


+ Piezo ignition with safety lock 
+ 1300°C adjustable flame 


TS-1660 
$3995 


Universal Drill Press 
Stand 

Convert your standard power drill or 
rotary tool into a drill press with this 
adjustable stand. Built-in press 
depth gauge for accurate drilling. 


Metal base. 
$2995 


+ Drilling depth: 
Up to 60mm 
TD-2463 


Adel Nibbling Tool 
Cut, notch or trim simple or complex shaped holes 
in plastics, laminates, leather or metal. Ideal for 
chassis-bashing and all sorts 
of hobby applications. 
+ USA made 
TH-1765 


$6995 


Spare punch TH-1767 $29.95 


Gas Soldering Tool Set 

Handy soldering iron with flame or flameless heat 
blower function, suitable for general heating, drying, 
melting, cutting, soldering, heat 

shrinking etc. 


+ Adjustable temperature control 


+ Flame temp: Up to 1300°C 
+ Power range: 25W to 70W 


TH-1606 
s4495 


Rotary Tool Kit 

Powerful 32,000 RPM rotary tool that you can use with 
numerous attachments. 1m long flexible shaft. Suitable 
for model making, automotive, workshop, art, jewellery 
or sculpture. See website for full contents. 


* 135W 
TD-2459 


Vacuum Bench Vice 
Suited to small bench jobs such 
as model building, jewellery 


making and general a 
PCB/chassis work. 


+ Vacuum base 

+ Ball joint clamp 

* 75mm opening jaw with 
removable soft rubber 


jaw covers. i 

TH-1766 $2995 : 
ot i : 

ponasa: Pro Piezo Gas 


Soldering Iron 

Powerful soldering iron featuring adjustable 
temperature control up to 580°C and provides 
equivalent electrical power of between 15 and 75 
watts. Supplied with a 2.4mm 

+ Internal Piezo crystal igniter $9 goo 
TS-1310 . 


double flat tip. 


150g Butane Gas 
NA-1020 $5.95 

The Power Driver 
Bit Set 


Undo those tricky security screws 
with this useful bit set. See 


Electronic Tool Kit 

Excellent tool kit for electronic or 
computer repairs with all the essentials - 
cutters, pliers, screwdrivers (Phillips 
head, slotted, Posidrive), 


Long Bit Screwdriver 


Set with Case 
Selection of popular slotted, Phillips, 
Star and TRI bits packed neatly inside 


Mini Tap & Die Set 


| Consists of 9 metric screw cutting dies 


and 18 equivalent taps in the same 
sizes. For the ultra small screws found 
in electronics. 


website for full contents. 


nut drivers etc. See 
website for full 


+ 32 pce 
TD-2035 contents. 
+ 22 pce 
* 30 pce TD-2114 
TD-2107 


$4250 


Gasket seals, stainless steel 
hardware and IP66 rated for 
use in industrial, marine and 
other harsh environments. 


+ Lockable 


Opaque HB-6404 (shown) 
WAS $34.95 NOW $29.95 
SAVE $5.00 


Transparent HB-6412 
WAS $32.95 NOW $29.95 
SAVE $3.00 


IP66 ABS Enclosures 


$9995 
SAVES 


a handy storage 
case. See website 
for contents. 


$9935 $2995 


CONNECTORS 


F-81 Inline Joiner - 
Foxtel Approved - 
+ Socket to Socket 

+ Foxtel Approved 
PP-0648 


(NEW 
$495 


$4995 
SESIO 


* 31 pce 
| TD-2443 
| WAS $59.95 


Right Angle IEC 
Adaptors 


For installations where wall 
space or rack space is 
extremely limited. Both units 
feature strain relief rubber 
cable entries. 


1EC320 C13 Right Angle Line 
Plug PP-4012 $7.95 


1EC320 C14 Right Angle Line 
Socket PS-4015 $7.95 


Jaycar 


Electonics 


Determines brake fluid 
quality by testing the 
percentage of 
water in the 
brake fluid. 


12VDC 5 in I Tester 


Passive, quick and easy testing 
solution that performs five 
essential tests in the field: 
voltage, load, polarity, voltage 
drop and continuity. Ideal for 
= CCTV and security installers, 

= car audio, roadies, AV techs etc. 
QP-2215 WAS $14.95 


* Size: 150mm long 


SAVE $5 


SR OORT RE 


7" TFT Colour Monitor 


_ with Headrest 
| Excellent addition to your in-car entertainment 
_ system. Features a 7" TFT screen, two 

composite video inputs and IR remote control. 


* Resolution: 1440 x 234 

(16:9/4:3 selectable) 

+ System: NTSC/PAL 

+ Power: 12VDC 

+ Dark grey leather-look upholstery 
QM-3773 WAS $149.00 


~ SAVE $50 


neuen tae 


3W Head Torch 
Conquer a variety of 
outdoor trails at night with 
this 3W CREE® LED 
powered multi-function head 


This portable LED flashing 


torch. Three light modes ; operated. 

(high, dim, strobe). Built-in H 7 

tail light. Rechargeable Li- Pi . Requires 3 x AAA 

ion battery. batteries 

Pies Red — SL-3325 WAS $19.95 


ST-3297 WAS $39.95 Blue 


SAVE $10 


ASAE 


Wireless Tyre Pressure Monitoring Kit 
Track PSI data from the 4 sensors fitted to your tyres on the 12VDC monitor in 
your car. High and low pressure alarm. 


* Suitable for vehicles designed for 30-42PSI 
QP-2298 WAS $199.00 


"SAVE $40 


3W LED Torch with Solar Charging Compartment 
Powerful torch that can be charged from the solar 

compartment. Great for campingi and 
long trips away from mains 
power. 150 lumens. 


+ LED indicators 
ST-3469 WAS $69.95 


SAVE $40 


Se 


Rechargeable Spotlight | 

247 lumen output. CREE® LED powered. 
Switchable between half and 

full power output. Battery status 
indicator, emergency SOS 
mode, flip-up work stand, 
robust ABS construction, 
mains and car chargers 
included. 

ST-3309 WAS $39.95 


SAVE $5 


6 To order call 1800 022 888 


* Includes 1 x AA battery 


QP-2291 WAS $29.95 


"Black Box" Car Multifunction Unit 

Features a built-in camera to record vision through the windscreen 
as you drive, MP3 player and FM radio, GPS navigation function’. 
Supports microSD and MMC cards. 


+ 5" touch screen LCD 

+ Built-in GPS antenna 

+ 3.5mm Stereo Audio output 
QV-3812 WAS $149.00 


Strobe LED Lights 


strobe light, has a magnetic 
base which can be placed on 
any iron/steel surface. Battery 


SL-3327 WAS $19.95 
Amber SL-3329 WAS $19.95 


RE CATALOGUE SALE 


Brake Fluid Tester 


Digital Tyre Pressure Gauge 
Measures pressure 
from 5 to 100PSI 
and includes an 
integrated torch 

for night time use. 


+ Includes 2 x AAA batteries 
+ Size: 156mm long 


SAVE $5 QP-2293 WAS $14.95 


SAVES30 


pes Se a 


Rechargeable Automotive 
Work Light 


A functional 200 lumen work light no 
motor enthusiast should be without. Affix 
to any metallic surface 
via magnetic base and 
back. Use it like a torch 
or hang it off your car 
bonnet. 


- SAVESTS 


* 3 x 1W CREE® LEDs 


SAVE $5 ST-3261 WAS $59.95 


Weather Station with Clock & Photo Frame 

Keep tabs on the weather and time or display photos. A remote sensor sends 
data to the display unit, which provides temperature, 
humidity, trend and forecast information and also 
displays indoor temperature. Mains plugpack included. 


* 12/24 hour clock with alarm 
+ Wall or desk 
mount 
XC-0345 
WAS $89.00 


SAVE $10 


Se eee ee Se 


Dynamo Torch with Radio, 
Clock & Alarm 


Full clock & alarm functions, AM and FM 
radio, LED torch and reading lamp that 
can all be powered by manual 
hand crank (dynamo), batteries 
or external power supply. 
ST-3352 WAS $49.95 


SAVE $10 


gae 


1.3MP Sports Camera 

Perfect for the next extreme adventure. Simple 
one-button operation to start and stop 
recording and uses SD cards (sold separately) 
up to 32GB for storage. 
Requires 2 x AAA batteries. 


* 640 x 480 @ 30fps 
video resolution 


QC-3238 WAS $39.95 ‘SAVE $10 


SS se a 


Savings off original RRP. Limited stock on sale items 


2.4GHz Intercom/Doorphone 
Transmit crystal clear 2.4GHz signal up to 100m range. 
Compact and wireless. Mains charger included. 


+ Weatherproof outdoor unit 
AM-4332 
WAS $79.95 


SAVE $20 


illumination and four 20m cables. 


| *H.264 video compression 

e Motion trigger recording 

* 500GB SATA Hard disk 

* Weatherproof, 520TV line cameras 
QV-8108 WAS $649.00 


2.4GHz Wireless Baby Monitor 


Transmits 2.4GHz DIGITAL audio signal up to 50m 
transmission range. Plays music with five 
pre-programmed lullabies. Equipped with 
rechargeable docking station. 

* Backlit LCD display screen 

+ Built-in mic and speaker 

+ Talk button key 

QC-3261 

WAS $69.95 


SAVE $10 


Solar Wireless PIR innr 

Monitor areas wirelessly with this solar wireless PIR 

motion detector. Easy to install. Mounting hardware 

included. 

* Detection range 4-5m 

* 2.4V rechargeable battery 
included 

LA-5174 WAS $69.95 


SAVE $10 ; | 


Hearre Spotlight a 
with PIR Sensor J 

An emergency lighting solution 
suitable for hallways, entry and 
exit points. Acts as a standard 
PIR spotlight to illuminate paths 
when motion is ’ 
detected. 
SL-3232 
WAS $64.95 


To order call 1800 022 888 


ieiwork 4 Gianini DVR with 4 4 High Resatutiais a CCD Graa 


` View live and/or recorded footage anytime, anywhere! Contains multiplexing 
DVR with Ethernet access, four weatherproof CCD cameras with IR 


SAVE $130 


eee LOGUE SALE 


Wireless MP3 Doorbell 


Plays your favourite MP3 song or message. 


? SAVESS 


+ Built-in 16 polyphonic 
sounds = 

+ Up to 100m range = S™ 
LA-5024 WAS $44.95 


occo cece 


USB Mini Inspection Camera 

Use a laptop as a monitor to check for termites and 
other rodents, finding lost tools etc. 
2 x LEDs for illumination. 


+ Mirror, magnet and + 
hook included 

+ USB powered 
QC-3383 WAS $39.95 


1.5m Flexible Cable model 
also available QC-3373 $39.95 


Solar Rechargeable Sensor 
Spotlight with Announcer 
Asimple method for adding a level of security in areas 


where no mains is available. Comes with a solar panel, 


sensor spotlight with PIR, and a 
wireless announcer. 


+ 500 lumens 

+ CREE® XML LED 

* 100m range 

SL-3236 i 
| WAS | | 

$129.00 


Solar Charged Multi-Purpose 
LED Lamp 


Doubles as a lantern or a 
pendant light. Charge the 
battery by connecting your 
lamp to the supplied solar 
panel. 


—SAVESIO 


+ 100 lumens 
SL-2701 
WAS $39.95 


SAVESIS 


J ycar 


2-Zone Alarm Kit 
Simple two zone, two wire 
alarm for small to medium 
size premises. Additional 
sensors (sold separately) 
can be added if required. 


-SAVE $10 


+ Includes: 2-Zone control 
unit, PIR sensor, Reed 
switch & 25m cable 

LA-5480 WAS $69.95 


PIR Sensor 
LA-5481 $24.95 


CAN'T DECIDE? 
Give a JAYCAR 
Gift card 


IP68 Camera with 
Concealed Cable Bracket 
Equipped with IR LEDs that works in 
darkness with a 20 metre range. 
+ 380TV line 

QC-8611 WAS $129.00 


SAVE $30 


prin) 


3-Axis Colour Dome 
Camera SAVE $20 


3-axis mechanism. Easy installation = ~ 
and enables you to put the camera's 
field of view exactly where required. 
Quality SONY® sensor. 


+ 550TV line 
* CCD camera 
QC-8616 WAS $99.00 


Bullet Style CCD Camera 


Weatherproof camera with 70° viewing angle. 
Panasonic CCD sensor. 
Adjustable mounting 
base and leads. 


Panasonic CCD 

sensor. SAVE $20 
TOGA NNR CARA 

* 380TV line 

+ 12VDC 


QC-3488 WAS $99.00 


Solar Powered Garage LED Light 
Ideal for garages, gazebos and greenhouses. 
Swivel base for custom positioning. 
Weatherproof. Easy to install. 


+ Includes solar panel, 
mounting bracket, 2.4m 
cable and rechargeable 
enclosed Ni-Cd battery © 
SL-2715 WAS $34.95 


SAVE $10 


etter, More Technical $ 


Audio Cable 


High quality OFC mono audio cable. Double 
screened for extra shielding. 


e 100m roll length 
+ Sold per metre 
WB-1508 


$235) 


Self-Closing Braided Wrap 
Protect cabling from abrasion, 

wear and tear using this flame 

resistant self 
closing wrap. 
2m length. 
Flexible and 
lightweight. 


6mm Dia. 
9mm Dia. 
13mm Dia. 
19mm Dia. 


FROM 
$695 


WH-5630 
WH-5632 
WH-5634 
WH-5636 


$6.95 
$7.95 
$9.95 
$12.95 


IP68 Cable Glands 


Dune Tube with Applicator 
Keep your cables neat 
and tidy. Simply slip in 
the cable, insert the 
bottle nosed end inside 
and slide away. 


* Made from black 
flexible plastic 


15(Dia.)mm x 2.5m HP-1235 $9.95 FROM 
20(Dia.)mm x 2.5m HP-1237 $11.95 $995 
20(Dia.)mm x 10m HP-1239 $39.95 


Coloured Cable Ties 


Crimp Wire Connectors 


Thread Repair Kits 


Identify wiring looms with different 
coloured cable ties. 125 pce. 
100mm long. 

HP-1196 


Pk8 (6 x 2 wire) 
and (2 x 3 wire) 


are IP68 rated <== 
and are O-ring 
sealed against 


The easy way to connect 2 or 3 wires These nickel & Enables you to drill out a stripped 
together. Simply insert into the connector plated brass soul or otherwise damaged thread in 
and squeeze with a pair of pliers. cable glands 3 a blind hole. Kit includes: drill bit, 


thread tap, insertion tool, 
tag punch and 10 inserts. 


$ 95 Connectors ee the ingress of a M3 Threads 
HP-1214 $4.95 a’ dust, moisture FROM HP-1600 $24.95 
Pk50 2 Wire a and water to a $745 | M4 Threads 
Connectors depth of one metre. | HP-1602 $24.95 
pig i 3to6.5mm  HP-0744 $7.45 | M5 Threads 
Pk50 3 Wire 4to 8mm HP-0745 $7.95 | HP-1604 $24.95 
Connectors FROM 5tol0mm HP-0746 $8.95 M6 Threads 
HP-1272 $14.95 $495 6 to 12mm HP-0747 $9.45 | HP-1606 $24.95 

10to 14mm HP-0748 $9.95 | 


Quick Connect Crimp 


Connector Pack - 160 Pieces 
Loads of connectors for automotive, marine & 
general purpose applications. Packaged in handy 
storage case. See _ 


website for 
contents. 


* 160 pce 
PT-4530 


$9995 
HDMI ADAPTORS 


Mini HDMI Plug to 
HDMI Socket Adaptor 


PA-3645 PA-3642 $16.95 


PA-3644 $16.95 


$995 


AUDIO CONNECTORS 


Slimline Gold Plugs 


3.5mm Stereo 


FROM 
$995 


HDMI Plug 
to DVI-D Socket 


HDMI Socket 
to DVI-D Plug 


1650 ~ 


Banana Sockets 
Binding Posts 


Black PT-0431 $4.95 


IP67 HARSH ENVIRONMENT CONNECTORS 


C16-1 series connectors offer 3 or 6 pole 


mating parts screw together securely to provide environmental protection to IP67. 


3 POLE + PE* 16A 
PE Line Plug 

PE Line Skt 

PE Chassis Plug 
PE Chassis Skt 


PP-1006 $17.95 
PS-1007 $17.95 
PP-1008 $12.95 
PS-1009 $12.95 


NOTE: *Pre-Engaging 


HDMI Socket to 


Socket Gender are now the standard 
IC Adaptor for PA and sound - 
| PA-3640 reinforcement 


$1625 
Fully Insulated Binding 


Post / Banana Sockets 


Black PP-0437 $5.95 P 


$595 


with pre-engaging earth contact. The 


6 POLE + PE* I0A 
PE Line Plug 

PE Line Skt 

PE Chassis Plug 
PE Chassis Skt 


PP-1000 $19.95 
PS-1001 $19.95 
PP-1002 $13.95 


FROM 
PS-1003 $13.95 


$1295 


Speakon Audio 
Leads 


Speakon connectors 


applications. Excellent 
ready-made cable assemblies. 


2 Core 5 metre WA-7100 $24.95 
2 Core 10 metre WA-7102 $34.95 
2 Core I5 metre WA-7104 $69.95 
4 Core 20 metre WA-7106 $99.00 


XLR Adaptors 
| *3 pin adaptors 


PP-0132 $2.95 + Metal s495 EA * Gold Plated Male PA-3684 $12.95 
3.5mm 4-Pole Female PA-3686 $14.95 
PP-0134 $4.95 Red PT-0430 $4.95 Red PP-0436 $5.95 


Í 


$2495, 


| 
Ik 


433MHz Remote Switch Kit 


Suitable for remote control of practically anything up 
to a range of 200m. The receiver has momentary or 
toggle output and the momentary period can be 
adjusted. Up to five receivers can be used in the 
same vicinity. Short-form kit 
- contains two PCBs and all 

_ specified components. 


+ PCB: Tx: 
85 x 68mm; 
Rx: 79 x 
48mm 

KC-5473 


Battery Saver Kit 


Cuts off the power between the battery and load 
when the battery becomes flat to prevent the battery 
over-discharging and becoming damaged. Suitable 
for use with cordless power tools, emergency lights, 
small to medium UPS (up to about 300VA) and a wide 
variety of other devices. 


* PCB: 34 x 18.5mm 
KC-5523 


Theremin Synthesiser Kit MkII 


Create your own eerie 
science fiction sound 
effects by simply moving your 
hand near the antenna. Easy to 
set up and build. Complete kit contains 
PCB with overlay, pre-machined 
case and all specified 
components. 


+ PCB: 85 x 145mm 
KC-5475 


` 


USB Power Monitor Kit 


Peer iL THEM! 


Jaycar 
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Ultrasonic Antifouling Kit for Boats 


Marine growth electronic antifouling systems can cost thousands. This project uses the same 

ultrasonic waveforms and virtually identical ultrasonic transducers mounted in a sturdy polyurethane 

housings. Standard unit consists of control electronic kit and case, ultrasonic transducer, potting and 

gluing components and housings. The single transducer design of this kit is suitable for boats up to 

10m (32ft); boats longer than about 14m will need two transducers-and drivers. Basically şs% 

all parts supplied in the project kit including wiring. C ADHESIVE 
SREMESERRERESEREESY 


+ 12VDC 

+ Suitable for power or sail 

* Could be powered by a solar panel/wind generator 
* PCB: 104 x 78mm 

KC-5498 


Pre-built: 
Dual output, suitable for vessels up to 14m (45ft) YS-5600 $899.00 
Quad output, suitable for vessels up to 20m (65ft) YS-5602 $1,199.00 


240V 10A Deluxe Motor Speed Controller Kit 


Allows the speed of a 240VAC motor to be controlled smoothly from near zero 
to full speed. The advanced design provides improved speed regulation & low 
speed operation. Also features soft-start, interferences suppression, fuse 
protection and over-current protection. Kit supplied 
with all parts including pre-cut metal case. 
KC-5478 


High-Power Class-D Audio Amplifier Kit 


High quality amplifier boasting 250WRMS output into 4 ohms, 150W into 8 ohms and can be bridged 
with a second kit for 450W into 8 ohms. High efficiency. Low distortion and noise. Over-current 

protection. Kit supplied with double sided, solder masked and screen-printed silk-screened PCB with 
SMD IC pre-soldered, heatsink, and electronic circuit board mounted components. 


+ Requires 57V/0/+57V power (sold separately) 
+ Optional speaker protection module (sold separately) 
* PCB: 117 x 167mm 
KC-5514 
Accessories to suit: Stereo Speaker Protector Kit 
KC-5515 $29.95 
+/- 57V Power Supply Kit 
KC-5517 $29.95 


Speed Control Kit for Induction Motors 


Plug this kit inline with a USB device to display the current that 
is drawn at any given time. Displays current, voltage or power. 
Auto-ranging and will read as low as a few microamps and up 
to over an amp. Kit supplied with double sided, solder masked 
and screen-printed PCB with SMD components pre-soldered, 


Control induction motors *up to 1.5kW (2HP) to run machinery at different 
speeds or controlling a pool pump to save money. Also works with 3-phase 
motors. Full form kit includes case, PCB, heatsink, 
cooling fan, hardware and electronics. 

KC-5509 


LCD screen, and components. 


+ PCB: 65 x 36mm e j 


KC-5516 


Economy Adjustable 
Temperature Switch Kit 


Adjustable switching temperature up to 245°C, and 
can be configured to trigger with rising or falling 
temperature. Also used to operate cooling fans on a 
radiator or amplifier, over-temp warning lights or 
alarms, and much more. Kit supplied with PCB, NTC 
Thermistor, and all electronic components. 


* PCB: 105 x 60mm 
KC-5381 


To order call 1800 022 888 


Mains Timer Kit for 
Fans and Lights 


This simple circuit provides a turn-off delay for 
a 230VAC light or a fan, such as a bathroom 
fan set to run for a short period after the 
switch has been tuned off. The circuit 
consumes no stand by power when load is off. 
Kit supplied with PCB, case and electronic 
components. See website for a list of alternate 
capacitors for different time periods. 


+ PCB: 60 x 76mm 
KC-5512 


Jacob's Ladder MK3 Kit 


A spectacular rising ladder of bright and 
noisy sparks for theatre special effects or 
to impress your friends. This improved 
circuit has even more zing and zap than it's 
previous design from April 2007 and 
requires the purchase of a VS Commodere 
12V ignition coil (available from auto stores 
and parts recyclers). Powered from a 12V 
7Ah SLA or 12V car battery. 


+ Kit supplied with silkscreened PCB, 
diecast enclosure (111 x 60 x 30mm), 
pre-programmed PIC, PCB mount 
components and pre-cut wire/ladder 


KC-5520 
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Instant Photos 
* DOWNLOAD THE FREE APP 


* DOCK YOUR PHONE OR TABLET shoot 


* PRINT YOUR PHOTOS 


Ultimate "Spy" Watch Camera 
Looks and works just like a rugged aviator 
style wrist watch but features a hidden 

aa camera! Records audio and video at 
- D 640 x 480 resolution for up to 120 
mins or approx 2000 images. Downloads 
and charges via the supplied 2.5mm 


pOEPEEE CESS Rea eee ee 
Also use the free app to design, edit and 
_ share your photos. Charges your device while you 


print. Simple all-in-one cartridge, no messy inks or to USB lead. 
special paper needed. 42mm(Dia.). 
QC-8014 


APPLE® MODEL (Lightning®) 
XC-5068 $199.00 (Shown) 


ANDROID MODEL (Micro USB) + FREE PHOTO 


XC-5067 $199.00 CARTRIDGE WITH : E oto tocanion 
PRINTER PURCHASE Wagga Wagga NSW Bie 
ALSO AVAILABLE: 36 PHOTO Visit our NEW premises NEW 


FORSYTHST @ 


CARTRIDGE REFILL 


LOCATION 


~~~ BAYLIS ST < 


XC-5069 $29.95 alas Gan Ce aa E Unit 2 Parmann st 
31-35 Hammond Ave EAI 
1000 Lumen Rechargeable Torch NSW 2650 


CREE® XML LED. Waterproof 
| (up to 20m). Multiple light modes. 
_ Great for scuba diving, shell 
fishing etc. 
ST-3489 


‘STURT HWY - ~~~ ~~~ =n =~ 2-2 =e 


ph: (02) 6931 9333 


Marine AM/FM Radio with MP3 Player 


Perfect for your boat with a blue backlit LCD. USB 
front panel. SD card sockets. 3.5mm AUX socket for 
connecting an MP3 player or 
Smartphone. Includes remote. 


Marine Coaxial Speakers 
Provides excellent audio quality in your boat. 
High salt and UV resistant. Splash proof. 


i + Rust-resistant chassis 
600 Lumen Camping * Sold as a pair + UV-resistant faceplate 
LED Lantern 


5"Speaker CS-2410 $34.95 and trim ring 


Cool white CREE® XML LED. 6.5" Speaker CS-2412 $44.95 QM-3815 
Adjustable light modes and 


intensity. Waterproof 
and durable. 
ST-3137 


Multi Function Stylus Pen 
For note taking, drawing, or using apps on a touchscreen 


to improve efficiency and accuracy. Soft rubber tip, won't 
scratch. Great for work and presentations. 


* Stylus, ballpoint pen & laser 
pointer all in one 


XC-5411 


Marine Radio & 
5" Speaker 
QmM-3816 $99 


Valued at $124.90 
CH n- 


Marine Radio & 
6.5" Speaker 
QmM-3817 $109 


Valued at $134.90 
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This versatile unite can automatically charge, discharge, | 

test, analyse and recondition virtually any type of battery pack. Up to four batteries 
can be connected at a time and many different types of connector are available, both 
for specific batteries and universal adaptors. The unit will quickly tell you whether an 
attached battery is good and if not, it will attempt to bring it back to full capacity. 


tery charging, testing, analysing and 

exercising system. Each of its four bays 
can be filled with various kinds of interfaces 
to connect to battery packs for power tools, 
laptops, mobile phones and many other 
devices. 

It can handle batteries up to 36V, 24Ah 
with a maximum charge or discharge rate 
of 6A per battery. 

Lead-acid, Nicad, NiMH, Li-ion, Li-po or 
LiFePO4 batteries in any combination can 
be charged/analysed. All four connected 
batteries can be charged/discharged/tested 
simultaneously (within the unit’s total power 
limits). 


Who needs it? 

We would envisage using a device such as 
this in one of two types of situation. First, by 
organisations or individuals who use a lot of 
batteries and need to keep them all charged 
and in top condition, ready for use. 

Second, it could be used by those repair- 
ing, servicing or manufacturing batteries or 


T= C7400ER-C is an automated bat- 
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battery-powered products. This unit will give 
you confidence that every battery going out 
the door is fully charged and functioning 
properly, with documentation to back that 
up. It will keep track of how a given battery’s 
performance varies over time, with use. It’s 
also a quick (and reliable) way to eliminate 
a dodgy battery as being the source of an 
equipment fault before a repair. 

This unit is ideal for jobs like these since it 
can be configured for many different types of 
battery with minimal effort and can automati- 
cally determine whether a battery just needs 
to be charged or needs a more intense work- 
out such as multi-cycle re-conditioning. 

The C7400ER-C can be used as a stand- 
alone unit, controlled either manually on a 
per-battery basis or automatically, by simply 
plugging a battery into one of its adaptors. 
When set up for automated use, personnel 
with minimal training can connect a bat- 
tery and the unit will let them know when 
it is ready for them to use, or if it needs 
replacement. 

In this type of situation, the settings can 


be locked out so that users can’t cause a 
malfunction or use the wrong charging 
profile for a battery. There are two security 
levels; one lets users select a profile to use 
for a given battery but not change any set- 
tings, while the higher password-protected 
security setting locks users into a particular 
profile for each adaptor/battery so they can’t 
choose the wrong one. 

This Battery Analyser can also be con- 
nected to a computer for more advanced 
diagnostics. In fact the software can handle 
over 100 units simultaneously for managing 
a large organisation which deals with a lot 
of batteries. It performs extensive logging 
to allow users to check the health of the 
organisation’s batteries and also go back and 
look at when a given battery was serviced and 
what its condition was at the time. 


Battery adaptors 

The unit’s four bays can be fitted with 
various adaptors to handle different battery 
types or they can all be the same, if your 
organisation only deals with one type. 
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Some of the adaptors can be 
“universal” types which can be 
used to connect to a variety of 
different types with a quick recon- 
figuration. Having said that, there 
are over 1000 custom adaptors 
available for just about any battery 
type imaginable. 

Our photo shows the unit with 
a Makita power tool connector in 
its first bay, a general purpose 
banana plug/alligator clip interface 
with temperature sensor in its 
second bay (good for batteries 
with exposed tabs or terminals) 
and “RigidArm” and ”FlexArm” 
adaptors in the other two bays. 

These latter adaptors are used 
for rectangular or near-rectan- 
gular battery packs where the 
connectors are lands (ie, small rectangular 
pads), such as mobile phone batteries. For 
these, it’s simply a matter of using the sup- 
plied magnetic brackets or spring-loaded slot 
to clamp the battery down onto the baseplate 
and then lower the spring-loaded arms down 
into contact with the battery terminals. 

Since the locations of the lands will vary 
depending on battery type, there are multiple 
degrees of freedom which allows the probes 
on the arms to be moved so that they will 
contact the correct lands. The RigidArm has 
less degrees of freedom but because of this, 
it’s easier and quicker to switch between bat- 
teries of the same type; the FlexArm probes 
must be positioned individually each time. 
However, both types are quite simple to set 
up and use. 

Larger battery packs can be placed atop 
the units and the FlexArm can be arranged 
to have the arms pointed backwards to reach 
their terminals. 


Battery service profiles 


Each adaptor can be programmed with 
up to ten profiles (called “C-Codes”), which 
determine the battery chemistry, voltage, 
capacity, charge and discharge rates, termi- 
nation voltages, test modes and so on. One 
of these profiles is set as the default and if 
a battery is connected to that adaptor, the 
unit will immediately prompt the user as 
to whether they want to start running that 
program. 

So once it’s set up, the unit is pretty easy 
to use; it’s just a matter of plugging a bat- 
tery in and pressing ‘go’. You can set it up 
to bypass this step and just start operation 
if desired. It can also be set up to ask for an 
ID when a battery is inserted and it will then 
select an appropriate profile. When used in 
conjunction with a PC, it will also log the 
battery ID along with the servicing details 
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for later analysis. This could be very useful 
for large organisations. 

Alternatively, technicians can take a more 
interactive approach and alter parameters for 
each battery that is connected, if required. 
This would be more typical in a service or 
repair situation. 

While running the service program, the 
“Run” LED associated with that bay lights 
up and the LCD displays some information 
regarding what it is currently doing, the bat- 
tery voltage and charge/discharge current. 
Once finished, it beeps and lights up either 
“Ready” or “Fail” depending on whether the 
battery is OK or not. Further information such 
as more specific details on the battery state 
can then be displayed. 

So if you want to simply find out whether a 
battery is any good, and check that it’s ready 
to go, this can be done at a glance. 


Modes & features 
The unit can service batteries ina number 


of different modes. “Charge” 
mode just does a basic fast 
charge. “Auto” mode charges 
the battery and then does a quick 
discharge test. If this reveals that 
the battery is not performing as it 
should, itis then “reconditioned” 
with one or more discharge/ 
charge cycles. If that fails to 
improve the capacity, the unit 
flags the battery as having failed. 
“Prime” mode conditions 
a battery with repeated dis- 
charge/charge cycles. It stops 
when the battery capac- 
ity no longer improves. The 
“QuickSort”/”QuickTest” modes 
estimates the condition of a bat- 
tery in a very short time (around 
30 seconds) based on a stored 
profile of a known good battery. This is 
stored in the adaptor itself so can be cus- 
tomised to the type of battery inserted. 
There are also several advanced modes 
that include self-discharge measurement, 
destructive testing to determine the number 
of charge/discharge cycles a battery will 
withstand, internal resistance measurement, 
battery runtime under various load condi- 
tions, residual capacity measurement (dis- 
charge testing), an extended “Prime” mode, 
and low-battery recovery (“Boost” mode). 
Custom modes can also be programmed. 
The C7400ER-C can be connected to a 
Dymo label printer, and after testing can print 
alabel indicating the state of a battery, which 
can then be affixed to it. This is a quick way 
for users to keep track of which batteries are 
good. If connected to a PC, acomprehensive 
report can be printed on a regular printer. 
Oh, in case you have already seen the 
article on the Nicad/NiMH “Burp” Charger 
in this issue (starting on page 66) and are 


Between the FlexArm (left) and the RigidArm (right) most battery types can be 
accommodated. There is also a range of specific battery connectors available. 
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Advanced features 


If your organisation uses a lot of similar 
batteries, the unit can ‘learn’ how a good ex- 
ample behaves. Other batteries of the same 
type can then be tested against this model 
for a very quick assessment of their state 
(“Excellent”, “Good”, “Marginal” or “Poor”). 

Custom tests and procedures can be 
programmed, eg, if a battery needs to be 
‘exercised’ periodically in a specific way, the 
unit can be programmed to do this without 
the need for user interaction. 

The optional “BatteryShop” software 


For more in-depth 
analysis and/or to 
| _ keep a permanent 
i = š à s record of battery 
= states, the unit can 
be connected to 
a PC and various 
software run to 
really tell you 
| how your batteries 
_are performing. 
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wondering: yes, this unit also supports this 
type of charging. They call it “Reverse Load” 
charging and it is enabled for Nicad & NiMH 
batteries it by default. The ratio of charge/ 
discharge can be set in the battery profile. 


Our experience 


We started out using the C7400ER-C in 
stand-alone mode, ie, without hooking it up 
to a computer. In general, the unit is easy 
to drive. It automatically recognises when 
a battery is connected and prompts you to 
select its chemistry, voltage, capacity, what 
mode to use and so on. Once you have in- 
put this information, you press enter and it 
begins to charge/discharge/test the battery 
immediately. 

By default, the display shows the status 
of each of the four bays. You can then press 
the large button under each bay, labelled with 
its number, to get more detailed information 
about what’s going on with that battery. As 
well as showing the current action, terminal 
voltage and charge/discharge current this 
also shows the battery pack impedance (if 
measured) and its temperature. 

When set to automatic mode and a battery 
is connected, the unit does what it thinks is 
required to bring it up to full charge and ca- 
pacity. Master Instruments provided us with 
a 12V Nicad replacement pack for Makita 
power tools (which they make in-house) 
and when we popped it on the Analyser, it 
did a quick charge and discharge test and 
confirmed it was in good condition and no 
further action was required. 

We.also tried connecting some Li-po 
cells that had been lying around (for quite a 
while...), also in Auto mode, and it behaved 
somewhat differently, subjecting them to 
more thorough testing and in the case of 
the obviously more poorly cells, attempted 
to re-condition them with a full discharge 
and recharge. This sort of re-conditioning 
is most likely to succeed for older battery 
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technologies such as Nicad and NiMH, which 
are still in fairly common use, however it may 
be beneficial for Litihium-based cells too. 

One thing it took us a while to figure out 
(even with the user manual handy) was how 
to abort battery servicing. It turns out to be 
pretty simple — press the Alt key and then 
the associated battery bay button. This then 
gives you the option to restart the currently 
running program, which then allows you to 
change the profile settings or abort entirely. 

It’s a good idea to use this method to 
disconnect a battery during a test since 
simply yanking the battery out risks arcing 
which could damage the contacts of either 
the battery or the unit itself. However if the 
battery is disconnected while being serviced, 
the unit will sense this and stop whatever itis 
doing. If the battery is quickly re-connected, 
the previously running program will auto- 
matically resume, otherwise it aborts the 
program. 


Performance 


As stated earlier, the unit can handle bat- 
teries up to 36V and charge or discharge at 
up to 6A, however there is a limit of 75W per 
bay/battery, ie, with higher terminal voltages, 
the maximum current is reduced. Also, 
there is a total limit of 170W for charging 
and 200W for discharging across the four 
bays. If this would be exceeded, the unit will 
either reduce the charge/discharge current 
or pause action on one or more batteries 
until others finish. In practice though, you 
wouldn't commonly need full power on all 
bays simultaneously. 

Accuracy is specified as +1% for voltages 
and +2% for currents which is good enough 
for most purposes. There is a procedure to 
re-calibrate the unit if necessary and you can 
also re-calibrate the individual adaptors, as 
the unit measures and stores their internal 
resistance to allow for more accurate bat- 
tery voltage and impedance measurements. 


can be used not only to manage and track 
multiple Battery Analysers can also produce 
graphs of the performance of a specific bat- 
tery over time, including how capacity and 
impedance vary each time a battery is con- 
nected to the unit (including date stamps). 
Reports can be printed of the state of a given 
battery each time it is serviced or charged. 

For really advanced battery analysis, the 
BatteryShop software can also produce a 
graph showing how the battery voltage, 
internal resistance and temperature vary 
over time during charge and discharge, in 
comparison to the current flow (see screen- 
shot). The unit(s) connect to the PC via USB. 

Overall, we would have to say that this 
Analyser is has a very comprehensive set of 
features and is quite easy to use. It can han- 
dle most rechargable batteries in use today. 

Using one of these units to manage a 
large set of batteries would be far better than. 
having a hodge-podge of different chargers, 
especially given that some battery chargers 
don’t always do the best job and can in fact 
lead to a shortened battery service life (eg, 
due to overcharging). 


Where from? 


The Cadex C7400ER-C Battery Ana- 
lyser is available from Master Instru- 
ments. Their range of Cadex products can 
be viewed at www. master-instruments. 
com.au/category/Cadex Battery Ana- 
lyser Charger Conditioner/1232 

You can also call them at one of the 
following numbers: NSW/ACT — (02) 
9519 1200, Vic/Tas — (03) 9872 6422, 
Qld - (07) 5546 1676 or WA/SA/ 
NT — (08) 9302 5444. Or e-mail info@ 
master-instruments.com.au for more 
information. 

In addition to the more common types 
of battery adaptors, they also stock the 
C7400-C, which is a similar instrument 
to the C7400ER-C but has a more limited 
range of voltage and current (up to 16V, 
4A). Or if your needs are more modest, 
you could consider C7200-C which is a 
two-bay version of the C7400-C. se 
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Burp Charge 
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Most readers know that Nicad and NiMH batteries can be fast 
charged but an even better way of doing it is to “burp” charge 
them. This is a rapid alternate charge and discharge process that 
reduces pressure and temperature build-up in the cells and as a 
result, increases the charging efficiency. 


HIS VERY versatile Nicad & NiMH 
Burp Charger can charge a single 
cell or up to 15 series-connected cells. 
All the standard charge cycles such 
as fast charge, top-up and trickle are 
available, together with the added 
benefits of burp charging. Built-in safe- 
guards include temperature sensing 
of the cells to prevent overcharging, 
as well as sensing inside the charger 
itself for over-temperature protection. 
The concept of burp charging has 
been known since the late 1960s. At 
that time though, the many benefits 
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thought to be associated with it were 
largely unsubstantiated. A special- 
ised IC (the ICS1702) was developed 
that incorporated burp charging (see 
http://www.klaus-leidinger.de/mp/ 
RC-Elektronik/Reflexlader/ics1702. 
pdf) and this became the basis for 
commercial burp chargers and for 
chargers used by NASA for nicad cells 
in space applications. However, these 
chargers were used without any real 
understanding as to why burp charging 
was beneficial. 

It wasn’t until 1998 that an exhaus- 


tive investigation compared standard 
charging with burp charging in a 
research paper entitled “Investiga- 
tion of the Response of NiMH Cells 
to Burp. Charging” by Eric C. Darcy 
(see hitp://corsair.flugmodellbau.de/ 
files/elektron/NASA-II.PDF or in con- 
densed form at ntrs.nasa.gov/search. 
jsp?R=20000086665). This research 
proved that burp charging improved 
cell performance compared to other 
charging techniques. 

Basically, it was found that the burp 
process caused the oxygen bubbles 
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Fig.1: the charge, 
pause & discharge 
(burp) cycles 

for the SILICON 
CHIP Nicad/NiMH 
Burp Charger. It 
comprises a 940ms 
charge period 
followed by a ims 
pause, then a 30ms 
discharge period, 
followed by a 29ms 
pause, giving a total 
cycle of one second. 


TIME 


BURP CHARGE CYCLE 


produced during charging to be re- 
absorbed back in the electrochemical 
process. With oxygen levels lowered, 
there is less pressure build up inside 
the cell. In addition, the lack of oxygen 
bubbles increases the available surface 
area on the cell electrodes and results 
in more efficient charging. 

The research also found that while 
many commercial burp chargers, in- 
cluding those that use the ICS1702 IC, 
used a 5ms discharge (burp) period, a 
period of 30ms was more beneficial. 
That’s because a longer discharge 
period allows more complete recom- 
bination of generated oxygen. For that 
reason, a 30ms burp period is used in 
the new design described here. 

By the way, the term “burp” charg- 
ing is something of a misnomer as the 
oxygen is not “burped” or released. 
Instead, it is recombined or consumed 
at the positive electrode surface. 


Charge/discharge cycle 


Fig.1 shows the sequence of charge, 
pause and discharge (burp) for the SILI- 
CON CHIP Nicad/NiMH Burp Charger. 
It comprises a 940ms charge period 
followed by a 1ms pause, then a 30ms 
discharge period, followed by a 29ms 
pause, giving a total cycle of one sec- 
ond (1s). On this figure, a charging 
period is shown as having a value of 
‘1’ while a discharge (burp) period is 
assigned a value of -2.5. This simply 
means that the discharge current is 2.5 
times the charge current. 

This cycle differs markedly from that 
used in the Burp Charger published in 
the August 1995 issue of “Electronics 
Australia”. In that circuit, the charge 
and burp discharge periods were the 
same at 10ms each. This was due to the 


siliconchip.com.au 


very simple circuit design which used 
the positive half of the AC waveform 
from a low-voltage transformer for 
charging and the negative half of the 
AC waveform for discharging. 

The circuit was designed so that the 
discharge current was much less than 
the charge current, otherwise charging 
wouldn’t have occurred. However, 
this charge/discharge cycle was far 
from ideal. 

Burp chargers are not commonly 
available but standard NiMH/Nicad 
chargers can be obtained just about 
anywhere. However, the latter usually 
only charge two or four AA cells at a 
time and they charge at quite a slow 
rate, typically taking 4-15 hours for a 
full recharge. 

But what if you want to charge at 
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a much higher rate, or you want to 
charge more than four cells at a time, 
or if you want to use burp charging? Or 
what if you want to cater for ‘C’ and ‘D’ 
cells or battery packs? The answer is 
to build the SILICON CHIP Nicad/NiMH 
Burp Charger. 

This new unit can charge from 1-15 
NiMH or Nicad cells simultaneously; 
ie, battery packs up to 18V. In addition, 
the charging rate can be set from just 
a few milliamps up to 2.5A and it in- 
cludes reliable end-of-charge detection 
(using temperature sensing), with extra 
safeguards to prevent over-charging. 

Safety is important when charging 
NiMH and Nicad cells because they 
can have their life seriously shortened 
if the charger is left on for too long 
after the battery pack has reached full 
charge. Worse still, the cells can be 
destroyed or explode if over-charged. 

To see why over-charging can de- 
stroy a battery pack, take a look at 
Fig.2. This shows the typical voltage, 
temperature and internal pressure rise 
of a cell or battery pack during charg- 
ing. Once charging goes past the 100% 
point, the temperature and internal 
pressures rapidly rise, while the volt- 
age initially rises and then falls. 

Continual overcharging will dam- 
age the cells due to the elevated tem- 
perature. This accelerates chemical 
reactions that contribute to the cell’s 
ageing process. In extreme cases dur- 
ing overcharging, excessive internal 
pressure can open the safety vents 
to release the pressure. These vents 
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Fig. 2: typical charging curves for NiMH/Nicad batteries. Cell temperature 
(green) and voltage (red) rate of change are often used to detect the “end point” 
(100% charge), although voltage rate detection is not reliable in NiMH cells. 
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MainjFeatures 


Designed for charging NiMH and 
Nicad cells 


Optional top-up and trickle charging 
Optional burp charging 

Adjustable charge current 

Charging time-out 


dT/dt (temperature change rate) for 
end of charge detection 


Over and under cell-temperature 
detection 


Power, charging and temperature 
indication LEDs 


@ Adjustable charging time-out limit 


Adjustable dT/dt setting 


Adjustable top-up and trickle charge 
currents 


Over-temperature cut out for charger 


will then re-close after the pressure 
has been released but by that time the 
cells will already have been damaged. 


Full charge detection 


Full charge can be determined in 
one of two ways. The conventional 
way has been to monitor the voltage 
across the battery pack and detect the 
point at which the voltage suddenly 
begins to rapidly rise and then fall. 
This form of charge end-point detec- 
tion is called dV/dt (ie, change in 
voltage with respect to time). 

In practice, the critical end-point 
can be difficult to detect at low cur- 
rents, particularly with NiMH cells. 
In fact, dV/dt end-point detection with 
NiMH cells is neither safe nor practi- 
cal. The only safe way is to monitor 
the temperature of the cells but very 
few chargers do this. 

Basically, this latter method of end- 
point detection monitors the tempera- 
ture rise of one or two cells within the 
battery pack. During charging, the cells 
do not heat up much because most of 
the incoming power is converted into 
stored energy. However, once the cells 
become fully charged, the charging 
power is converted to heat and so the 
cells quickly rise in temperature. 

This temperature change at the 
charging end point is called dT/dt, 
ie, change in temperature over time. 
The critical rate is of the order of 2°C 
per minute and this is the point where 
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normal charging should cease. 

Some chargers, this one included, 
include a top-up charge after the 
end-point to ensure full charging. The 
top-up charge rate is less than the main 
charge current and is set at four times 
the trickle current setting. 

Finally, after the top-up cycle, the 
cells can be trickle-charged at low 
current to maintain full charge. In this 
situation, the cells are deliberately left 
connected to the charger so they are 
fully charged when needed. 

Our new burp charger monitors the 
cell temperature using a small ther- 
mistor. This is installed in the battery 
pack or cell holder, in close contact 
with one of the cells. The beauty of 
this system is that it will reliably detect 
the end of charge (end-point) of any 
type of cell, regardless of whether it 
was initally completely flat or only 
partially discharged. 

Note that when charging very cold 
batteries, there may be a rapid rise in 
temperature during charging. This 
could cause a false dT/dt end of charge 
indication. To circumvent this, the 
dT/dt measurement for end of charge 
detection is only enabled when the cell 
temperature is at least 25°C. Should 
the thermistor end-point detection fail, 
a timer is included that will switch off 
charging after a preset period. 

Further safeguards to protect the 
cells are also included. For example, 
charging will not start or will cease if 
the NTC thermistor is disconnected or 
if the temperature is under 0°C or over 
50°C. In addition, if the charger itself 
becomes too hot, charging will pause 
and the temperature is measured after 
two minutes to check if it has cooled 
sufficiently to restart. 


Select the features you want 


In its simplest form, the charger in- 
cludes only the temperature detection 
feature, after which charging ceases. 
However, you can add top-up and 
trickle charging if you want. In addi- 
tion, the charging rate can be set for 
both the main charge current and the 
trickle charge, along with the time-out 
period and dT/dt values. 

In practice, the main charging rate 
can be set from about 40mA up to 2.5A, 
while trickle-charging can be set from 
10-500mA. The time-out can be set 
from between 0-25 hours, while dT/ 
dt can be selected from between 0.5°C 
per minute to 5°C per minute. 

Further details concerning these ad- 


justments are included in the setting- 
up section of this article. 

Three front-panel LEDs are used to 
indicate the status of the charger. First, 
the Power LED is lit whenever power 
is applied to the charger, while the 
Thermistor LED lights if the thermistor 
is disconnected or if there is an over 
or under-temperature detection. For 
over-temperature (>50°C), the Ther- 
mistor LED will flash once a second 
(1Hz) while for under temperature 
(<0°C), the LED will flash once every 
two seconds (0.5Hz). 

Over-heating of the charger itself 
causes the Thermistor LED to flash 
once every four seconds. 

Finally, the Charging LED is con- 
tinuously lit during the main charging 
cycle and switches off when charging 
is complete. If top-up or trickle charg- 
ing are selected, the charging LED will 
flash at 1Hz during top-up and at 0.5Hz 
during trickle charge (ie, at 1s and 2s 
intervals respectively). 

Note that ifthe Thermistor LED is lit 
or flashing, the charging LED will be 
off, indicating that charging has either 
paused or ceased. 


Circuit details 


Now take a look at Fig.3 for the 
circuit details. It’s based on IC1, a 
PIC16F88-I/P microcontroller, plus 
Mosfets Q1 & Q2. Q1 is used for charg- 
ing, while Q2 is used for the burp 
discharging. 

In addition, two NTC thermistors, 
TH1 & TH2, are used. TH1 monitors 
the temperature of the cell or battery 
pack being charged. It’s connected via 
a 3.5mm jack plug and socket (CON3) 
and together with 20kQ trimpot VR5, 
forms a voltage divider across the 5V 
supply. VR5 is adjusted so that the 
voltage across the thermistor is 2.5V at 
25°C (note: NTC stands for “negative 
temperature coefficient” and means 
that the resistance of the thermistor 
is progressively reduced as the tem- 
perature rises). 

The voltage across TH1 is monitored 
at the AN4 input (pin 3) of IC1 via a 
47Q resistor and 100nF filter capacitor. 
These are included to remove RF (ra- 
dio frequency) signals and noise that 
could be present due to the thermistor 
being connected remotely from the 
circuit. The voltage at the AN4 input 
is then converted into a digital value 
and monitored for dT/dt changes. It is 
also compared by IC1 against stored 
over and under-temperature values. 
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D3 1N5819 REG1 LM317T 
A K. 


220uF 
35V OR 50V 


CONSTANT 
CURRENT SHUNT 


TO THI 
(CELL/BATTERY 
TEMPERATURE) 


Q1 
IRF540 OR 
IPP230NO6L3 


SWITCHS2| ON= | 
i mors | 
| 2 | TOP UP 
ier eae 


BURP CHARGER FOR NICAD/NIMH BATTERIES 


Fig.3: the circuit is based on IC1. This accepts inputs from TH1 & TH2, trimpots VR1-VR5 and DIP switch S2, sets the 
charge rates and the time-out, and controls the charging current through Q1 via its PWM output (RBO). IC1’s PWM 
output also drives Q5 & IC3a which then drive a current shunt based on IC3b & Q2 to provide the discharge circuit. 
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1 PCB, code 14103141, 105 x 
87mm 

1 119 x 94 x 34mm diecast case 
(Jaycar HB-5067 or equivalent) 

1 2.5mm DC socket (Jaycar 
P-0621A, Jaycar PS-0520 or 
equivalent) (CON1) 

1 3.5mm stereo PCB mount jack 
socket (Altronics P0092, Jaycar 
PS-0133 or equivalent) (CON3) 

1 3.5mm mono line jack plug 

1 SPDT toggle switch, PCB mount 
(Altronics 81421 or equivalent) 
(S1) 

1 2-way screw terminal, 5.08mm 
spacing (Altronics P2040, 
Jaycar HM-3130) (CON2) 

1 4-way DIP switch (Altronics 
$3050, Jaycar SM-1020 or 
equivalent) (S2) 

2 DIL 8-pin sockets (optional) 

1 DIL18 IC socket 

2 10kQ @ 25°C NTC thermistors 
(Jaycar RN-3440 or equivalent) 
(TH1,TH2) 

1 crimp eyelet, 5.3mm ID (to 
mount TH2) 

3 TO-220 silicone insulating 
washers 


TH2 is connected to the AN6 input 
_ of IC1 and monitors the charger’s heat- 
sink temperature. This allows IC1 to 
shut the charger down if the heatsink 
temperature exceeds a preset value. 

Trimpots VR1, VR2 & VR3 are used 
to set the time-out, dT/dt and trickle 
charge values. These trimpots connect 
to ANO, AN3 & AN1 of IC1 respectively 
and are be set to apply between OV and 
5V to these inputs. 

Trimpot VR4 sets the charging cur- 


- _ eS 


- _ — — — — — 


RESISTOR 


Rantsilist 


3 TO-220 insulating bushes 

1 cable gland for 3-6.5mm cable 

4 rubber feet 

4 M3 x 6.3mm tapped spacers 

8 M3 x 5mm screws 

5 M3 x 10mm screws 

5 M3 nuts 

1 M3 star washer 

1 200mm length of single-core 
screened cable 

7 PC stakes 

Hook-up wire, heatshrink, etc 


Semiconductors 

1 PIC16F88-I/P microcontroller 
programmed with 1410314A.hex 
(IC1) 

1 LM358 dual op amp (IC2) 

1 LMC6482AIN CMOS dual op 
amp (IC3) 

1 LM317T adjustable regulator 
(REG1) 

1 IRF540 or IPP230NO6L3 
N-channel Mosfet (Q1) 

1 SPP15P10PLH P-channel logic 
level Mosfet (Q2) 

3 BC337 NPN transistors (Q3-Q5) 

1 1N5822 3A Schottky diode (D1) 

1 MBR735 7A Schottky diode (D2) 


rent. This trimpot connects to the +5V 
supply via a 9.1kQ resistor and this 
restricts the adjustment range to a 
nominal 2.5V maximum at IC1’s AN2 
input (pin 1), corresponding to a 2.5A 
maximum charge rate. 

The voltage inputs are all converted 
to digital values within IC1 so that the 
settings can be processed in software. 
Test points TP1-TP5 are provided for 
setting the trimpots when using a 
multimeter. There is also a TP GND 


-nm 


Fig.4: the basic charge 
and discharge current 
paths for the unit. 
During charging, current 
flows from the power 
supply, through the cell 
or battery and then via 
diode D1, Mosfet Q1, 
and a 0.220 resistor 

to ground. Conversely, 
during discharge, 

| current flows from the 

! cell or battery through 
Mosfet Q2, diode D2 and 
a 0.10 resistor. 


0.220 


CHARGE & DISCHARGE CURRENT FLOW 


70 SILICON CHIP 


1 1N5819 1A Schottky diode (D3) 
2 1N4148 diodes (D4,D5) 

1 16V zener diode 1W (ZD1) 

1 5.1V zener diode 1W (ZD2) 

1 12V zener diode 1W (ZD3) 

2 3mm green LEDs (LED1, LED2) 
1 3mm red LED (LED3) 


Capacitors 

1 220uF 35V or 50V PC electrolytic 

4 10uF 35V or 50V PC electrolytic 

2 1uF 16V PC electrolytic 

4 100nF 63V or 100V MKT 
polyester 


Trimpots 

4 10kQ horizontal trimpots 
(VR1-VR4) 

1 20kQ horizontal trimpots (VR5) 

1 500Q horizontal trimpot (VR6) 


Resistors (0.25W, 1%) 

3 100kQ 5 1kQ 
111kQ 3 4700 

8 10kQ 11209 
19.1kQ 1 470 

1 8.2kQ 1109 
13.9kQ0.5W 10.220 5W 
1 1.5kQ 10.10 5W 


terminal which is useful when check- 
ing these voltages. 

The voltages measured at each test 
point directly relate to the setting’s 
value. For example, setting VR1 to 
give 4V at TP1 will set the time-out to 
four hours. This time-out value can be 
multiplied by a factor of five by setting 
the No.1 switch in DIP switch S2 to the 
ON position. This ties pin 12 (RB6) of 
IC1 to ground. 

Conversely, with this switch open, 
pin 12 is pulled to +5V via an internal 
pull-up resistor within IC1 and the 
time-out is set to x1. Switches 2, 3 & 
4 in DIP switch S2 work in a similar 
manner. The No.2 switch enables 
the top-up, the No.3 switch enables 
the trickle charge mode and the No.4 
switch enables the burp charge. 

Outputs RB1 and RB2 of IC1 drive 
the Thermistor and Charge indicator 
LEDs (LED2 & LED3) respectively via 
470Q resistors. These indicate the 
charger’s status, as described previ- 
ously. 


Charge & discharge 


Two separate circuits are used for 
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the charge and discharge functions. 
To understand how this works, refer 
to Fig.4 which shows the basic charge 
and discharge current paths. 

During charging, current flows from 
the power supply through the cell or 
battery and then via diode D1, Mosfet 
Q1 and a 0.22Q resistor to ground. 
Conversely, during discharge, current 
flows from the cell or battery through 
diode D2, Mosfet Q2 and a 0.1 re- 
_ sistor. Note, however, that this is a 
simplified diagram and the currents 
through Q1 and Q2 are controlled so 
that charge and discharge rates are 
correct for the cell or battery that’s 
connected to the charger. 

Refer back now to Fig.3 for the full 
details. A constant current source 
comprising op amp IC2a and Mosfet 
Q1 charges the battery via CON2. IC1’s 
RBO output provides a 5V 3.9kHz 
PWM (pulse width modulated) signal 
which is fed to a divider and filter 
network comprising 8.2kQ and 1kQ 
resistors and a 1pF capacitor. This fil- 
ter network smooths the pulse output 
to give a DC voltage. 

This smoothed DC voltage sets the 
current provided by Q1 to the battery 
and the 5V PWM signal has its duty 
cycle adjusted over a wide range, from 
trickle to full charge. The 5V level is 
effectively reduced to 543mV via an 
8.2kQ and 1kQ voltage divider. As a 
result, the maximum voltage that can 
be applied to pin 3 of IC2a is 543mV 
when the PWM duty cycle is 100% 
(ie, full charge). For a50% duty cycle, 
the average voltage from RBO is 2.5V, 
or 271.5mV after passing through the 
divider. 

This filtered voltage is applied to 
pin 3 of IC2a and this sets the charge 
current. When pin 3 is at 543mV, IC2a’s 
pin 1 output adjusts the gate drive to 
Mosfet Q1 so that the voltage across 
the 0.22Q source resistor (as monitored 
at pin 2 of IC2a) is also 543mV. The 
charge current is therefore 2.47A (ie, 
543mV + 0.220). 

Diode D1 is included to prevent 
current flow via Q1’s intrinsic reverse 
diode if power is connected with 
reverse polarity. D1 is a 3A Schottky 
type, specified because it has less than 
half the forward voltage of a normal 
power diode. Typically, it has about 
380mV across it (at 2.5A) compared 
with a standard diode which would 
have 0.84V across it at 2.5A. 

That also means less power loss in 
the diode; 0.95W for the Schottky diode 
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® Maximum input voltage: 30V. 
@ Maximum charge current: 2.5A. 
® Charge current adjustment: from 0-2.5A, corresponding to 0-2.5V at TP4 using VR4 (in 


approximately 40mA steps). 


Time-out adjustment: from 0-5 hours, corresponding to 0-5V at TP1 using VR1. 0-25 
hour with x5 selected (when DIP switch 1 closed). 


dT/dt adjustment: from 0.5-5°C rise/minute, corresponding to 0.5-5V at TP2 as set by 
VR2. 


@ dT/dt measurement interval: once every minute when cells reach 25°C or more. 


© Top-up and trickle charge: top-up available when DIP switch 2 is closed; trickle enabled 


when DIP switch 3 is closed. 


Trickle charge: adjustable using VR3 from 0-500mA, corresponding to 0-5V at TP3. 
Adjustable in approximately 5mA steps. 


@ Top-up charge: 4 x trickle setting for one hour. 
® Burp discharge: enabled when DIP switch 4 is closed. Discharge current is 2.5 times 


the charge current. Time-out is increased by 13% to compensate for reduced charge 
period and added discharge period. 


Cell over-temperature cut-out: 50°C. 
Cell under-temperature cut-out: 0°C. 
Charger over-temperature cut-out: 40°C. 


Charging cycle with burp selected: charge period 940ms, pause 1ms, burp discharge 
30ms and pause 29ms (all over a 1s period). 


compared to 2.1W ina standard diode. 

IC1’s RA6 output drives transistor 
Q4. This transistor is used to pull the 
voltage at pin 3 of IC2a to a very low 
level, so that the charge current is ef- 
fectively reduced to near zero. This 
shut down is required during pause 
(when the PWM is also dropped to 
zero) and also during discharge when 
the PWM is still present to provide the 
discharge current setting. 


Burp discharge 

Another constant current circuit 
is employed for the burp discharge 
function. This comprises op amp IC3b 
and Mosfet Q2, with a 0.12 source 
resistor used for current monitoring. 
This circuit is connected to the posi- 
tive supply (instead of the OV supply 
as for the charge circuit) and so Q2 is 
a P-channel Mosfet. In addition, the 
PWM signal for IC1 is inverted and 
referenced to the positive supply. 

The same PWM signal from RBO 
(pin 6 of IC1) is also used to control 
IC3b & Q2. However, because we now 
have a P-channel Mosfet, the signal is 
inverted and level-shifted by transis- 
tor Q5. When the PWM signal is at 


5V, Q5 switches on and its collector 
goes low, pulling one side of the 3.9kQ 
resistor low. This 3.9kQ resistor limits 
the current flow through 5.1V zener 
diode ZD2, This zener diode clamps 
the inverted voltage to within 5V of 
the switched supply rail. 

As a result, the 5V PWM signal is 
now inverted and referenced below the 
positive supply which can be as high 
as 30V, depending on the number of 
cells being charged. 

IC3a is powered from a 5V supply; 
ie, between the 30V positive rail at 
its pin 8 and a rail 5V below this at 
pin 4. A 100kQ resistor couples Q5’s 
output to pin 3 of IC3a and this resis- 
tor limits the current into clamp diode 
D4. D4 prevents the voltage applied 
to pin 3 going much below the pin 
4 rail, thereby preventing damage to 
this op amp. 

IC3a essentially buffers the PWM 
signal before feeding it to op amp 
IC3b via an 11kQ/1.5kQ divider. A 
1uF capacitor filters the divider’s 
output. This divider is designed to 
automatically provide a discharge 
current that’s 2.5 times greater than 
the charge current. 
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Fig.5: install the parts on the PCB as shown in this layout diagram and photo 


(UNDER 
PCB) 


details for Q1, Q2 & D2 (see also Fig.6), thermistor TH2 and the three LEDs. 


The 5V inverted PWM signal that’s 
now referenced to the positive sup- 
ply becomes a 600mV signal (again 
referenced to the positive supply) after 
the divider. When the PWM level is 
at maximum (ie, the charge current is 
2.47A), 600mV appears across Mosfet 
Q2’s 0.1Q source resistor. This results 
in a 6A discharge current, ie, close to 
2.5 times the charge current. 


Power supply 

Power for the circuit comes from a 
7-30V DC supply (plugpack or laptop 
supply) via Schottky diode D3. D3 
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provides reverse polarity protection 
for the following 220uF capacitor and 
3-terminal regulator REG1, an LM317T 
set to provide 5V to IC1 and the trim- 
pots. This was chosen in preference 
to a fixed 5V regulator because it can 
be adjusted to supply a more precise 
5V, using trimpot VR6. An exact 5V 
rail makes the settings of VR1-VR5 
more accurate. 

The 5V supply for op amps IC3a & 
IC3b is provided by IC2b. This is con- 
nected to invert the 5V from REG1 and 
level-shift it so that it is 5V below the 
positive supply rail. 12V zener diode 


graph. The text describes the mounting 


ZD3 prevents IC2b’s output from going 
more than 12V below the positive sup- 
ply rail at power up. This protects IC3 
from damage as its maximum supply 
rating is 16V. 

D5 prevents IC2b’s output from con- 
ducting current through the 12V zener 
diode in the forward direction if the 
power supply is reversed in polarity. 
This also protects IC3 from damage. 


Supply voltage requirements 
In order to fully charge a battery, 

we need up to 1.8V per cell from the 

plugpack even though the nominal 


Table: ResistonColourcodes 


4-Band Code (1%) 

brown black yellow brown 
brown brown orange brown 
brown black orange brown 
white brown red brown 
grey red red brown 
orange white red brown 
brown green red brown 
brown black red brown 
yellow violet brown brown 
brown red brown brown 
yellow violet black brown 
brown black black brown 
red red silver brown 
brown black silver brown 


5-Band Code (1%) 

brown black black orange brown 
brown brown black red brown 
brown black black red brown 
white brown black brown brown 
grey red black brown brown 
orange white black brown brown 
brown green black brown brown 
brown black black brown brown 
yellow violet black black brown 
brown red black black brown 
yellow violet black gold brown 
brown black black gold brown 
black red red silver brown 

black brown black silver brown 
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terminal voltage shown on the battery 
pack is 1.2V per cell. So, to charge a 6V 
battery which has five cells, we need 
a DC input voltage of 5 x 1.8V = 9V. 

Similarly, an 18V battery has 15 cells 
and so this requires a 15 x 1.8V = 27V 
supply to fully charge it. 

Charging only one, two or three cells 
nominally requires up to 5.4V. In prac- 
tice though, more than 7V is required 
at the input to ensure that the LM317T 
regulator (REG1) operates correctly, ie, 
remains in regulation. 

For operation in a car, the input 
voltage will be around 12V with the 
engine stopped and up to 14.4V with 
the engine running. A 12V supply 
can charge up to six cells (ie, a 7.2V 
battery), while a 14.4V supply (with 
engine running) can charge up eight 
cells (ie, a 9.6V battery). 

Note also that using a supply volt- 
age that is significantly higher than 
required to charge the cells will cause 
the charger to heat up more than nec- 
essary. For example, at 2.5A and with 
a supply that’s 10V higher than the 
battery voltage, around 25W will be 
dissipated in the charger. In that case, 
the charger will certainly become hot 
and will shut down when its heatsink 
(ie, the case) reaches 40°C. 

Basically, this means that the charge 
current may have to be reduced if the 
supply voltage is high compared to the 
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Fig.6: diode D2 and 
Mosfets Q1 & Q2 are 
mounted on the base 
of the case and are 
insulated from it using 
insulating bushes and 
silicone washers. Make 
sure that the metal tab 
ends of the devices 
cannot short against 
the side of the case. 


CASE A 


battery voltage. The maximum charg- 
ing current is also limited by the mAh 
capacity of the cell or battery (see Table 
2) and the rating of the DC plugpack 
or power supply. So in order to charge 
at 2.5A, the power supply or plugpack 
must be able to deliver this current. 


Construction 


The assembly is straightforward 
since all the parts are mounted on 
a PCB coded 14103141 and measur- 
ing 105 x 87mm. This is housed in a 
metal diecast case measuring 119 x 
94 x 34mm. 

Fig.5 shows the assembly details. 
Begin construction by checking the 
PCB for any defects such as shorted 
tracks, breaks in the copper and in- 
correct hole sizes. Also, check that 
the corners at the lefthand end of the 
PCB have been shaped to clear the 
internal corner posts. It’s rare to find 
any problems but it’s always a good 
idea to check before installing any of 
the parts. 

Next, place the PCB inside the case 
and mark out the corner mounting 
holes in the base, noting that the PCB 
must sit as far to the left as it will go. 
This is necessary so that switch S1 
and the 3.5mm socket later protrude 
through the case side. Drill these 
mounting holes out to 3mm and deburr 
them using an oversize drill. 

Now for the PCB -parts. Install the 
small resistors first, taking care to fit 
the correct value in each location. 
Table 1 shows the resistor colour codes 


SILICON 
CHIP 


=O 


Power Charge 


DIODE & MOSFET MOUNTING DETAIL 


Nicad & NiMH Burp Charger 


MOSFETS, 
DIODE D2 


M3 NUT 
INSULATING 


BUSH 


SILICONE 
WASHER 


M3 x 10mm 
SCREW eo 


but it’s always a good idea to use a 
digital multimeter check each one 
before installing it (some colours can 
be difficult to read). 

The 0.19 and 0.22Q 5W resistors can 
go in next. These should be mounted 
about 1mm above the PCB to allow air 
to circulate beneath them for cooling. 
That’s easily done. by pushing them 
down onto a 1mm-thick cardboard 
spacer before soldering their leads 
(don’t forget to remove the spacer 
afterwards). 

Next, install the diodes (but not 
D2), then fit IC sockets for IC1, IC2 & 
IC3. Be sure to orientate each socket 
correctly, ie, with its notched end to 
the left. Once these are in, install the 
correct op amp in each position but 
leave the PIC16F88 micro out for the 
time being. 

Follow with DIP switch S2, making 
sure that its No.1 switch goes to the 
left. The zener diodes can then be in- 
stalled. ZD1 is a 16V 1W type and may 
be marked as a 1N4745; ZD2 is 5.1V 
1W and may be marked as a 1N4733; 
and ZD3 is 12V 1W and may be marked 
as a 1N4742. Again, the orientation of 
these parts is important. 

The capacitors can now be fitted, 
making sure that the electrolytics go 
in with the correct polarity. That done, 
install PC stakes for TP GND, TP +5V 
and test points TP1-TP5. 

The three LEDs are next on the list, 
starting with LED1 (green). First, orien- 
tate itas shown on Fig.5, then bend its 
leads down at right angles 6mm from 


Fig.7: this full- 
size artwork 
can be used as a 
drilling template 
for the front 
side panel of the 
case. 


NOTE: POSITION LABEL SO THAT POWER SWITCH IS 
16.5mm DOWN FROM TOP EDGE OF BOX BASE 


MARCH 2014 73 


Table 2: Typical Settings For A Range Of Cell Capacities 


Battery Or Slow Charge (15h 


Cell Capacity 


400mAh 
700mAh 


40mA (VR4 @ 40mV) 
70mA (VR4 @ 70mV) 


2000mAh 


(VR1 @ 3V, DIP Switch No.1 
ON) (Do not select top up) 


200mAh 20mA (VR4 @ 20mV) 60mA (VR4 @ 60mV) 


Standard Charge (5h) 
(VR1 @ 5V, DIP Switch No.1 off) 
(Top up not recommended) 


120mA (VR4 @ 120mV) 


900mAh 90mA (VR4 @ 90mV) 

1000mAh 100mA (VR4 @ 100mV) 

1500mAh 150mA (VR4 @ 150mV) 
) 


Fast Charge 
(1.5h at or below 2.5A) 
(VR1 @ 1.5V, DIP Switch 
No.1 off) 


200mA (VR4 @ 200mV) 
400mA (VR4 @ 400mV) 


Trickle Current 
(DIP Switch No.3 on) 
(Top up with DIP Switch No.2 
ON will be 4 x trickle setting) 


10mA (VR3 @ 100mV) 
20mA (VR3 @ 200mV 


210mA (VR4 @ 210mV) 


700mA (VR4 @ 700mV) 


35mA (VR3 @ 350mV 


200mA (VR4 @ 200mV 
( 


2400mAh 
2500mAh 


270mA (VR4 @ 270mV 


2700mAh 
3000mAh 


300mA (VR4 @ 300mV) 


240mA (VR4 @ 240mV) 720mA 
250mA (VR4 @ 250mV) 750mA 
) 


900mA (VR4 @ 900mV) 


270mA (VR4@270mV) | 900mA (VR4 @ 900mV) |  45mA (VR3 @ 450mV 
300mA (VR4 @ 300mV) 1.0A (VR4 @ 1.0V) 
450mA (VR4 @ 450mV) 1.5A (VR4 @ 1.5V) 75mA (VR3 @ 750mV) 
600mA (VR4 @ 600MV) 2.0A (VR4 @ 2.0V) 100mA (VR3 @ 1.0V) 
(VR4 @ 720mV) 2.4A (VR4 @ 2.4V) 120mA (VR3 @ 1.2V) 
(VR4 @ 750mV) 2.5A (VR4 @ 2.5V) 125mA (VR3 @ 1.25V) 
810mA (VR4@810mv) | 25A WRI O teu 2.5V, | 135mA (VR3 @ 1.35V) 


2.5A (1.8h) (VR4 @ 2.5V, 
VR1 @ 1.8V) 


150mA (VR3 @ 1.50V) 


3300mAh 330mA (VR4 @ 330mV) 


4000mAh 400mA (VR4 @ 400mV) 


4500mAh 450mA (VR4 @ 450mV) 


990mA (VR4 @ 990mV) 
1.2A (VR4 @ 1.2V) 


2.5A (2h) (VR4 @ 2.5V, 
YRT @ 2.0V) 165mA (VR3 @ 1.65V) 


1.35A (VR4 @ 1.35V) 


5000mAh 500mA (VR4 @ 500mV) 


9000mAh 


900mA (VR4 @ 900mV) 


its body. That done, solder the LED in 
place with its horizontal lead sections 
exactly 5mm above the PCB (hint: use 
a 5mm-thick spacer to set the height). 
The remaining two LEDs can then be 
fitted in exactly the same manner. 

Trimpots VR1-VR6 are next on the 
list. Note that the 10kQ trimpots may 
be marked 103, the 20kQ trimpots 
marked 203 and the 500Q trimpot 
marked 501 (ie, instead of the actual 
ohm values). 

Regulator REG1 is next and is 
mounted with its leads bent down at 
right angles so that its metal tab sits 
flat against the PCB. Secure this tab to 
the PCB using an M3 x 10mm screw, 
nut and shakeproof washer before 
soldering the leads. 

That done, install the DC socket 
(CON1), the 2-way screw terminal 
block (CON2), the 3.5mm jack socket 
(CONS) and switch S1. Be sure to push 
these parts all the way down so that 
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1.5A (VR4 @ 1.5V) 


2.5A (5.4h) (VR4 @ 2.5V, 
VR1 @ 


2.5A (5.4h 
1.08V, R1 
DIP Switch No.1 ON) 


V 


they sit flush against the PCB before 
soldering their leads. 

That completes the PCB assembly, 
except for Q1, Q2 and D2. As shown 
on Fig.5, these three devices are all 
mounted under the PCB, with their 
leads bent up at 90° so that they pass 
through their respective mounting 
holes. This allows their tabs to be later 
bolted to the bottom of the metal case 
for heatsinking. 

In each case, it’s simply a matter of 
first bending the two outside leads up 
by 90° exactly 7mm from the device 
body. The middle leads of Q1 & Q2 
can then be bent up 5mm from the 
body, after which you can loosely fit 
all three devices to the PCB but don’t 
solder their leads yet. Take care not to 
get the two Mosfets mixed up - Q1 is 
an IRF540 while Q2 is an SPD15P10. 


Case preparation 
It’s necessary to drill some extra 


2.5A (2.4h) (VR4 @ 2.5V, 
VR1 @ 2.4V) 

2.5A (2.7h) (VR4 @ 2.5V, 
VR1 @ 2.7V) 

2.5A (sh (VR4 @ 2.5, 

VRI @ 3.0V) 

) (VR4 @ 2.5V, 
1.08V, 

DIP Switch No.1 ON) 


200mA (VR3 @ 2.0mV 


225mA (VR3 @ 2.25V) 


250mA (VR3 @ 2.5V) 


450mA (VR3 @ 4.5V) 


holes in the case, before installing the 
PCB. The mounting holes for the PCB 
assembly were drilled in a previous 
step (ie, before the parts were installed) 
and the next step now is to use the 
front-panel artwork (Fig.7) as a drill- 
ing template for the front-panel holes. 

You can either copy the artwork 
shown in Fig.7 or you can download 
the artwork in PDF format from the 
SILICON CHIP website (free for subscrib- 
ers) and print it out. In either case, it 
should be cut out and attached to the 
case using adhesive tape, after which 
the various holes can be drilled. 

Be sure to position the label so that 
the centre of the On/Off switch is 
exactly 16.5mm down from the top 
edge of the base. 

Use a small pilot drill to start the 
holes, then remove the template and 
carefully enlarge each one to size using 
a large drill and/or a tapered reamer. 
There are six holes in all — three for the 
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LEDs and one each for the DC socket, 
3.5mm jack socket and switch S1. 
Once all the holes have been drilled, 
print out a final front-panel label, 
laminate it and attach it to the case 
using double-sided tape or silicone 
adhesive. The various holes‘can then 
be cut out with a sharp hobby knife. 


Final assembly 


Begin the final assembly by secur- 
ing four M3 x 6.3mm tapped Nylon 
spacers to the base of the case using 
M3 x 5mm screws. The PCB assembly 
(together with the loosely-fitted Q1, Q2 
& D2 parts) can then be slipped into 
the case and secured to the spacers 
using another four M3 x 5mm screws. 

The next step is to drill the mount- 
ing holes for Q1, Q2 & D2. These 
devices must be positioned so that 
the ends of their tabs clear the side of 
the case by 1-2mm. If a tab does touch 
the side of the case, you will have to 
remove the offending device and re- 
bend its leads so that it is clear. 

Once everything is correct, remove 
the PCB assembly and drill the device 
mounting holes to 3mm, then deburr 
them using a larger drill. It’s vital that 
the area around each of these holes 
inside the case is perfectly smooth and 
free of metal swarf, so that the insulat- 
ing washers used when mounting the 
devices will not be punctured. 

A hole also needs to be drilled and 
reamed in the adjacent side of the box 
(ie, at the Q1/Q2 end) to accept a cable 
gland (position this directly opposite 
CON2), while a 3mm hole must also 
be drilled to mount thermistor TH2. 
Be sure to position the hole for the 
cable gland down far enough so that 
the gland doesn’t later interfere with 
the lid of the case. 


Mounting TH2 


Thermistor TH2 is attached to a 
5.3mm crimp eyelet which is then 
fastened to the inside of the case using 
an M3 x 10mm machine screw, nut 
and lockwasher (ie, to detect heatsink 
temperature). 

First, remove the plastic insulating 
piece from the eyelet, then prise open 
the crimp section using pliers. That 
done, shape the crimp lugs so that they 
lightly clamp the thermistor in place 
but without the leads making contact 
to the crimp eyelet. 

Finally, glue the thermistor in place 
using epoxy resin and heatshrink it, 
then refit the PCB assembly in the case 


siliconchip.com.au 


be printed on the side. 


Charge rate 


Time-out 


Trickle charge 


Adjusting the dT/dt value 


it may tend to overcharge the battery. 


and attach the thermistor assembly 
to the case wall using an M3 x 10mm 
screw, nut and lockwasher. The ther- 
mistor’s leads are then connected to 
its pads on the top of the PCB — see 
Fig.5 and photo. 


Bolting down Q1, Q2 & D2 


Mosfets Q1 & Q2 and diode D2 can 
now be fastened to the bottom of the 
case. As shown in Fig.6, these devices 
must each be insulated from the case 
using a silicone washer and insulating 
bush. An M3 x 10mm screw and nut 
is used to secure each device in place, 
after which its leads are soldered to 
their pads on the top of the PCB. 


Determining The Charger, Settings 


Before adjusting the time-out, trickle charge and time-out settings, you need 
to know the Ah rating (or mAh rating) of the cells or the battery. This will normally 


You also need to know the nominal battery voltage (or the number of cells con- 
nected in series to calculate this) and the voltage/current ratings of the plugpack. 

Note that when using slow charging rates (eg, charging over 15 hours), the 
top-up current would exceed the charge rate. In this case, do not enable top-up. 
Similarly, at faster charging rates (eg, charging over five hours), the top-up cur- 
rent may be similar to the charge rate and again top-up is not recommended. 


This will depend on the mAh rating of the cells or battery and on the desired 
charge rate (slow, standard or fast) — see Table 2. The plugpack used must also 
be capable of supplying the required current. 


The time-out should be set to 1.5 times the Ah rating of the battery divided by 
the charge current. For example, a 2500mAh (2.5Ah) battery charged at 1A should 
be fully charged after 2.5 hours. In this case, the time-out should be set to 2.5 
x 1.5 + 1 = 3.75h. That’s done by adjusting VR1 to give 3.75V at TP1 (see text). 

Note that any changes made to the time-out value during charging will not 
take effect until the power is switched off and on again. This also includes any 
changes to the DIP switch settings. Any changes to other settings will take effect 
immediately and will affect the current charging cycle. 


The trickle charge requirement is calculated by dividing the Ah (amp hour) 
rating of the cells by 20. So, for example, if the cells are rated at 2400mAh, then 
the trickle charge current should be set to 120mA. 


The endpoint temperature rise detection adjustment (dT/dt) should initially be 
set to 2.5°C per minute (ie, by adjusting VR2 for 2.5V on TP2). In some cases, 
however, the charger may stop before the battery is fully charged or conversely, 


Under-charging is indicated if the charging period appears to be too short and 
the batteries do not deliver power for the expected period. In this case, turn VR2 
further clockwise to increase the dT/dt value. 

Conversely, if the battery pack becomes quite hot after full charge has been 
reached, turn VR2 anticlockwise to decrease the dT/dt value. 
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This view shows how thermistor TH2 
is attached to a 5.3mm crimp eyelet 


‘and fastened to one end of the case. 
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a oe COVER IN HEATSHRINK 


THERMISTOR 
THI 


SINGLE CORE 
SCREENED CABLE 


3.5mm JACK PLUG 
PLUG COVER 


THERMISTOR TH1 CABLE DETAILS 


Fig.8: the battery-pack temperature sensor (TH1) is connected to the charger 
via a length of single-core screened cable and a 3.5mm jack plug. Be sure to 
heatshrink the thermistor connections so that they cannot short together. 


Once all these devices are in, use a 
multimeter to check that the metal tabs 
of these devices are indeed isolated 
from the metal case. If you get a low 
resistance reading between a device 
tab and the case, dismantle the as- 
sembly and check that its insulating 
washer hasn’t been punctured (eg, by 
metal swarf). 

Check also that the device’s tab is 
clear of the side of the case. 


Battery-pack thermistor 

As shown in Fig.8, the battery- 
pack thermistor (TH1) is connected 
to a 3.5mm jack plug via single-core 
screened cable. Be sure to sleeve the 
thermistor connections with heatshrink 
tubing to prevent any shorts between 
them or to the battery holder terminals. 

The thermistor itself needs to be 
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mounted in the battery holder so that it 
makes contact with the side of at least 
one of the cells under charge. For our 
prototype, we drilled a hole in a 2 x 
AA cell holder so that the thermistor 
is sandwiched between the cells when 
they are in place (see photo). 

Alternatively, depending on the 
type of battery holder (or if no holder 
is used), the thermistor can be held in 
place against the cells using a length 
of hook and loop material. 

The shielded lead running to the 
thermistor is secured to the end of the 
battery holder using a small cable tie 
and a couple of self-tapping screws. 


Setting up 
It’s now time to make some initial 


voltage checks. First, with IC1 still out 
of its socket, connect a DC plugpack 


Panes 


to CON1 (positive to the centre of the 
plug) and switch on. Check that the 
power LED (LED1) lights, then con- 
nect a multimeter between TP5V and 
TP GND and adjust VR6 for a reading 
of 5.0V. 

Now check that there is 5V between 
pins 14 & 5 of IC1’s socket. If so, 
check that TP6 is at -5V with respect 
to TPV+. If this is correct, switch off 
the power, wait a short time and then 
insert microcontroller IC1 (notched 
end to the left). 


Adjustments 


Now for the final adjustments. 
This involves adjusting the various 
trimpots for charge rate, cell/battery 
temperature cut-out, time-out (ie, the 
maximum time for which the charger 
operates before it cuts out) and end- 
point temperature detection. The 
procedures are as follows: 
© Charge rate: the charge rate is set 
using trimpot VR4 and will depend on 
the mAh rating of the cells or battery. It 
will also depend on the current rating 
of the plugpack power supply being 
used and on the desired charge rate 
(slow, standard or fast). 

Table 2 shows the charge settings 
for cells/batteries ranging in capacity 
from 200mAh to 9000mAh. It’s just a 
matter of choosing a charge rate to suit 
the cells or battery and adjusting VR4 
to give the required voltage on TP4. 
© Cell/battery temperature cut-out: 
this involves adjusting trimpot VR5 so 
that the voltage on TP5 is 2.5V when 
thermistor TH1 is at 25°C. So, if the 
ambient temperature is 25°C, simply 
adjust VR5 for 2.5V on TP5. 

If the ambient temperature is 20°C, 
set VR5 for 2.8V on TP5. And if the 
ambient temperature is 30°C, set VR5 
so that TP5 is at 2.2V. 

Note that some battery packs will 
have a thermistor already installed. 
This should not be used unless it has 
the same resistance characteristics as 
the one specified for TH1. It should 
measure about 10kQ at 25°C and the 
resistance should fall with increasing 
temperature. 
© Time-out: the time-out is adjusted 
using VR1. This can be set from 0-25 
hours by monitoring the voltage be- 
tween TP1 & TP GND. The voltage on 
TP1 directly translates to the time-out 
in hours, so if it’s set to 2.5V, the time- 
out will be 2.5 hours. And if it’s set to 
its 5V maximum, then the time-out 
will be 5 hours. 
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ig.9: the waveforms in the above-left screen grab show the operation of the Burp Charger at a sweep speed of 10ms/ 
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30ms ‘Width(2 ): 65ms 


div for a 100ms period. The yellow trace is the PWM signal from the microcontroller at pin 6; the pink trace is the 30ms 
discharge pulse from pin 16 to the base of Q3; and the green trace is the pulse signal from pin 15 to the base of Q4 which 
turns off Mosfet Q1 while the battery is being discharged and for 30ms after that. The blue trace shows the fluctuation in 
the battery voltage of a 4-cell Nicad pack. Note that it drops for 30ms (the burp period), then recovers and begins rising 
again as the charging cycle resumes. The screen grab to the right shows the operation at a much slower sweep speed of 


500ms/div (5-second duration). 


As stated, the No.1 switch in DIP 
switch S2 acts as a x5 multiplier for 
the time-out. So if this switch is set to 
ON and TP1 is set for +5V, the time- 
out will be 25 hours. Similarly, if TP1 
is set to 1.2V, the time-out will be six 
hours (5 x 1.2). 

The accompanying panel (Deter- 
mining The Charger Settings) tells you 
how to calculate the time-out value 
required for the cells used. Table 3 also 
shows the typical settings for cells of 
various capacities. 
© Endpoint temperature rise detec- 
tion: VR2 is used to adjust the endpoint 
temperature rise detection (dT/dt). 
This can be adjusted from between 
0.5°C per minute rise to 5°C per minute 
rise by monitoring the voltage between 
TP2 and TP GND. Once again, there is a 
direct correlation between the voltage 
and the setting. 

For example, a setting of 2.5V at 


HAMMOND 
MANUFACTURING. 


bb’ tel: 08 8240 2244 


Standard and modified 
diecast aluminium, | 
metal and plastic 
enclosures 
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TP2 will set the dT/dt value to a 2.5°C 
per minute rise and this should be 
the initial setting. This can later be 
changed if you find that the battery 
pack is either being under-charged or 
over-charged (see panel). 


Top-up/trickle charge options 

Setting the No.2 and No.3 switches 
in DIP switch S2 to ON enables the 
top-up and trickle charge modes 
respectively. These can be activated 
together or individually. 

If you want top-up only, set switch 
No.2 to ON; if you want both top-up 
and trickle charge, set both No.2 and 
No.3 to ON; and if you want trickle 
charge only (without top-up), set 
switch No.3 to ON (and leave No.2 off). 

Note that if either top-up and/or 
trickle charge is enabled, you then 
need to set the trickle charge rate (the 
top-up charge rate is fixed at four 


times the trickle charge rate). That’s 
done using trimpot VR3, which allows 
adjustment from 500mA down to less 
than 20mA. 

Once again, the panel tells you how 
to calculate the required trickle charge 
rate to suit your cells. It’s then just a 
matter of monitoring the voltage at 
TP3 and adjusting VR3 accordingly 
(eg, 1V = 100mA, 3V = 300mA and 
5V = 500mA). 

Finally, as previously stated, you 
need to choose a power supply (eg, a 
plugpack) with an output voltage un- 
der load that’s at least equal to 1.8 x 
the number of cells in the battery — eg, 
7.2V for a 4-cell (4.8V) battery. Note, 
however, that the supply must be at 
least 7V for batteries with less than 
four cells, to ensure REG1 operates 
correctly. Refer back to the section 
titled “Supply voltage requirements” 
for the full details. SC 
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PRODUCT SHOWCASE 


Verbatim MediaShare Wireless stores, streams 3 and shares media content, anywhere 


Verbatim introduces Media- 
Share Wireless — a portable 
device which connects with 
up to five Wi-Fi enabled tab- 
lets and smartphones allow- © 
ing you to view, play, stream 
and back up photos, video 
clips and music simultane- 
ously, anywhere. 

With this unit you can con- 
nect up to five devices to the 
MediaShare simultaneously | 
to share videos, music and | 
data. 

A built-in USB port and 
SD Memory slot allows easy | 
access to content from a USB 
portable hard drive, USB 
Drive or SD memory card 
and expansion of available storage on 
smartphones and tablets. 

You can also upload and download 
content wirelessly to and from your 
tablet or smartphone and safely back 


A new line of switch 
joysticks from APEM 
bridges the gap between 
joysticks and switches. 
The ‘NZ’ series is de- 
signed for the control of 
either machine functions 
or menu navigation. 

With above-panel op- 
tions that mimic the look 
of either a joystick or tog- 
gle switch, they offer an 
IP67 panel-sealed, two- 
axis-control in a compact 
below-panel housing. 

Constructed with gold-plated silver alloy contacts to 
provide reliable switching at low current levels, the NZ 
Series is rated for 2A or 100mA. 

They feature an open square gate, allowing the user 
to move freely in 360°. This omnidirectional movement 
allows movement in a diagonal direction, which yields 
a contact on two switches simultaneously. As a standard 
option, the joystick may be factory fitted with an anodised 
aluminium limiter plate, limiting the travel to just NSEW 
or NS directions. 

The series is 
rated for one mil- 
lion operations, 
with an operating 
temperature range 
of -25°C to +50°C. 


‘NZ’ Series of 
mpact Switch 


Contact: 
Control Devices 

Unit 5, 79 Bourke Rd, Alexandria NSW 2015. 
Tel: (02) 9330 1700 Fax: (02) 8338 9001 
Website: www. coniroldevices.net 
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up photos and video clips from your 
smartphone or tablet to physical stor- 
age without needing a computer. 
The MediaShare Wireless allows 
up to nine hours of continuous video 


playback. An easy-to-use 
MediaShare Wireless app, 
available to download from 
iTunes and Google Play for 
iOS and Android devices 
respectively, lets users man- 
age content (copying files 
between devices and Media- 
Share Wireless). 

It also provides a bridge to 
other wireless LAN networks 
to allow internet connec- 
tions while files are being 
streamed. 

This means you can con- 
tinue to use the internet while 
streaming content from the 
MediaShare. 


Contact: 
Verbatim Australia 

6/450 Princes Hwy, Noble Park, Vic 3174 
Tel: (03) 9790 8999 Fax: (03) 9790 8911 


Website: www.verbatim.com.au 


Design-specific enclosures for credit-card 


sized computers 


Hammond Electronics has launched a 
range of design-specific moulded enclo- 
sures to support the new types of credit 
card sized, low cost bare board computers. 
The enclosures provide good protection for 
the board themselves, and have dedicated 
access positions for external connectivity 
such as Ethernet, USB and serial ports. 

Although broadly similar in size and 
shape, there are inevitable differences in 
the positioning of I/O, power and expansion ports on each design. 

Hammond's enclosures, derived from its popular 1593 family, 
are available in translucent blue, grey or black, and each version is 
configured for the particular design of board, with machined slots, 
cutouts and apertures in the cover and end panels. In some vari- 
ants, the covers are moulded with the required access points. The 
new format of development boards are aimed at both professional 
developers and hobbyists. 

Initially, the supported computers are the Arduino Uno, Due and 
Mega, the Beaglebone and Beaglebone Black and the Freescale Free- 
dom. Enclosures for the Arduino Tre and Intel Galileo are in develop- 
ment and will be available soon. In such a fast-moving environment, 
new versions are reg- 
ularly being added to 
support additional 
development board 
designs as they are 
introduced. 


Contact: 
Hammond Electronics Pty Ltd 
11-13 Port Rd, Queenstown, SA 5014 

Tel: (08) 8240 2244 Fax: (08) 8240 2255 


Website: www.hammondmfg.com 
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Tibbits Pre-packaged 1/0 


Tibbits (as in “Tibbo Bits”) are blocks 
of prepackaged 1/0 functions housed in 
colour-coded plastic shells. Want an ADC? 
There is a Tibbit for this. 5V power supply? 
Got that! RS232/422/485 port? PoE? PWM? 
There are many other Tibbits, too, divided 
into Tibbit modules and Tibbit connectors. 

Each BASIC-programmable Tibbo Project aes 
PCB (TPP) can accommodate multiple Tibbit 
modules and connectors. Only bare essen- & 
tials are provided on each board — there is ~ 


a CPU, an Ethernet port and a very simple ert supply. The rest of 


the board’s functionality is defined by what Tibbits you plug in. There 
are several TPP “sizes” that differ in the number of Tibbits they can 
accommodate. 

TPPs are programmable in Tibbo BASIC. This easy-to-learn pro- 
gramming language is particularly suited for control, automation, 
and networking applications. Tibbo BASIC is complemented by a 
rich set of programming objects, including socket (TCP, UDP, HTTP) 
and serial communications, Wi-Fi, GPRS, file data storage, LCD and 
keypad control, and many other functions. 

Tibbo BASIC applications are created using free Tibbo IDE software 
(TIDE). This features a built-in debugger, allowing you to upload 
your Tibbo BASIC application onto the TPP board and cross-debug 
it through the Ethernet Contact: 
LAN without the aid of 
any special debugging Tibbo Technology Inc 
hardware (such as a 
JTAG board or an ICE 
machine). 


9F-3, No 31, 
Lane 169, Kang-Ning St, Hsi-Chih, Taipei, Taiwan 
Tel: (886) 2 2692 5443 Fax: (886) 2 2692 3139 
Website: www.tibbo.com 


ARM-based SBC with 
touch-screen display 


for HMI applications 


The EDM6070AR-01 fully-integrated 
Embedded Display Module (EDM) from element14 is ide- 
ally suited for a variety of embedded control HMI (human 
machine interface) applications including industrial con- 
trol terminals, intelligent instruments, medical products, 
network terminals as well as data acquisition and analysis. 

It integrates an ARM-based single board computer 
(SBC) with a 7-inch LCD and touch-screen assembly. The 
multi-function embedded EDM is based on the ARM9 
AT91SAM9X35 industrial processor from Atmel. The mod- 
ule has a plate with display, connectors and place for the 
Mini6935 module with ARM microcontroller. 

Included is 128MB SDRAM, 256MB NAND flash and 
4MB data flash. 

It is supplied with a Smart-Home demo application with 
an intuitive smart-LED controller allowing the user to set 
independent light levels in each room, smart-climate con- 
troller allowing the user to control temperature and humid- 
ity throughout the house and smart-multimedia allowing 
the user to play Contact: 


streamed audio |eiementi4 Pty Lid 

files into any 

sent and man 72 Ferndell St, Chester Hill NSW 2162 
Tel: (02) 9644 7722 Fax: (02) 9645 1381 


age surveillance a 
: WWW. au elemenii4.com 
cameras. Website: www.au.elementi4.com 
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New Catalog for Off-Road, Caravanning & 


Marine Enthusiasts 


With a heavy emphasis on 
electronics and hardware, 
Road Tech Marine, Aus- 
tralia’s new supplier for the 
boating, caravanning and off- 
road enthusiast has released 
an impressive first catalog for 
this market. 

Featuring a detailed 
“Where’s Wally?” type front 
cover showing a stylised out- 
back 4WD/camping/boating 
scene, the full colour cata- 
logue is 260 crammed pages, es 
with over 4,200 products, TEEN tips and 
suggestions. It even has a recipe to make bread from beer! 

The catalog is available to be posted to you via their 
website (see below) or by calling into any RTM store for 
just $3.95 — or it’s FREE with any purchase over $100. 

RTM Stores are located at Lawnton and Underwood 
(Qld), Granville and Caringbah (NSW), Fyshwick (ACT) and 
Dandenong (Vic). They have big expansion plans so be sure 
to check out their 
website for their 
newest stores and 
their increasing 
product line. 


ma SAY HELLO TO GOOD Buys! 


Contact: 
Road Tech Marine 
Reply Paid PO Box 7172, Silverwater NSW 1811 


Tel: 1300 964 264 Fax: (02) 8832 3333 . 
Website: w chmarine.com.au 


KSSM-30Sec DIY SOUND RECORDER 


KSDVM-30 ULTRA-COMPACT 
4.5V-30VDC Digital Panel Meter 


Here's a meter that is range-optimized 

for solar, automotive and trucking applications: 
Features:Bright 0.36" Red LED Digits, á $6. 

Snap-Fit Housing, 2 Wire Installation. inc. GST Plus 3.60 Pack & Post 


Hours of Fun - Our 5 Kit Bonanza 


Kick 2014 off with this great set: 

A FK109 2 LED Flasher, FK908 Soil 
Moisture Indicator FK233 Emergency 
Vehicle Siren with speaker, FK602 2 
Mono Audio Amplifier (Uses the FK233 
Siren speaker) plus the FK401 Light- 


Activated Switch. — 3 
All for $25.50 inc. GST Plus $8.50 Pack & Post 
PA op ome kits ie at 
wy G&G -= www.kitstop.com.au 
Ki tS TO P.O. Box 5422 Clayton Vic.3168 
electronics the fun statshere  Te1:0432 502 755 
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New movement 
activated models: 


Super Bright Outdoor LED Security Lights. 

Add peace of mind for your family with this range of PIR activated 
floodlights. Great for the driveway or backyard. All metal 
construction, fully weatherproof. Must be connected to mains & 
installed by a licensed electrician. 


X 2340 10W X 2344 20W X 2346 SOW 


Thousands sold to 
Australia’s premier 
builders! 


X 2086 Warm white X 2088 Neutral white 


Brilliant 9W Genlamp® LED Lighting Kits 


. Complete kit with lamp, gymbal fitting and 
transformer for an amazing price. These lamps will not disappoint, 
they have excellent light output, colour and clarity. Ideal for new 
house installs or plug in replacement upgrades for MR-16 lighting. 


Creates a central 
bulk storage on your 
LAN for all your files. 


D5575 


Noontec® N5 NAS Gigalink Hard Drive Case 

A network attached storage box - simply connects to your LAN and 
shares files stored in it's internal drive to all your devices. Wired 
ethernet connection. Hard drive sold separately $149 D 5515 278. 


With 3 levels 
Stylish Aluminium _ of brightness! 
LED Desk Lamp 

A handy work or reading 
lamp with adjustable 3- 
axis boom to get light to 
where you need it. LED 
colour temperature has 
been carefully chosen to 
replicate daylight with 450 
lumen output. 


NO MORE 
EYE STRAIN! 


Ultra Bright LED 


Inspect-A-Gadget. 
Ultra-bright long life LED for 
fantastic clarity (plus no need to 
change a globe - EVER!). 

Let “gadget” be your eyes. 
Identify those impossible to 
read miniature components 
without straining your eyes. 
Great for collectors, model A 


makers, jewellers etc. A d 


X 4200 3 Dioptre X 4201 5 Dioptre 


A 2544 


Lightweight, Compact 2 Ch. DJ Mixer 
Great for beginners and mobile DJs requiring a 
robust lightweight mixer. Two pairs of switchable 
phono and line inputs, plus stereo record and amp 
outputs. Cue crossfader makes it easy to cue 
upcoming tracks. Includes power supply. 
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| Turn your ‘dumb telly’ into a smart telly! 

| Smart TVs are all the rage - allowing you to stream movies, music and 
| photos to your big screen, plus access an array of smart phone style 

| games & apps. Simply plugs into a spare HDMI input. Streams 1080p 
| HD video over your home wireless connection. 1GB of RAM, 4GB 

| internal memory, plus micro SD slot. 


Handy Gadgets For Less! 


a Soo ea ae = | 
SY l 
Latest Quad | 

Core Arm ] 

CortexA9CPU 


Amazing sound 
from such a 
small unit - just 
125mm tall. 


It’s a phone charger! 


It’s a Bluetooth® speaker! It’s an FM radio! 

It's all of the above! A 2200mAH battery bank housed in a blue 
aluminium case designed to keep your smartphone powered up. It can 
also playback audio from a micro SD card or FM tuner. 


Wireless Desktop 
Weather Station 

A stylish addition to any desk or 
kitchen counter. Readout shows 
indoor/outdoor temperatures, 
humidity, air pressure, weather 
forecast, moon phase, time & 
date. Outdoor sensor also 
shows temperature & humidity. 
Requires 2 x AA and 2 x AAA 
batteries. 


X 7026 


About the size of a phone! 


D 0506 6000mAh 


Shag, 


No mains power? No worries! Z 


These mobile battery banks keep your phone or tablet charged up 
even when you are miles from a 240V outlet. 6000mAh (5V 2A output) 
or 2500mAh (5V 1A). 5-7hr recharge time. Includes range of adaptors, 
including Apple 30 pin & Samsung plugs. 


D 0504 2500mAh 


Use it at home too! 
& m aes SS 


A 0309A 


Powertran® 4 x USB Multi Travel Adaptor 

Enough ports for all your portable devices! 2.1A max current shared 
between 4 USB ports. Includes adaptors for Australian, US, UK and 
European outlets. 100-240V ac. 


Cosentino 


— 


S 9406A ] 
Peace of mind A » 
for the family! $s > | : 

so y S è 


Colour TFT Video Door Intercom 

e A safe & easy way to monitor the front door * Ultra-sharp 7” 
colour screen Ħ Records photos of visitors when you’re not home 

* USB/SD photo, video & MP3 playback « Includes power supply, 
hookup cable, base station & camera unit * Remote door latching” 
e Expandable to 4 base stations (S 9407) & 2 cameras (S 9409). 
*When used with optional door strike S 5385 $44.95. 


Pick up a great 
clearance deal! 


Provides switching, 
quad processing and recording functions all in one. Records up to 
4 cameras (at 25fps max) to an internal hard drive (sold separate- 
ly, see D5515). Includes power supply & software. 


Professional CCTV 
Installation Tester 

A comprehensive on-site test 
device for installation and 
maintenance of CCTV systems. 
Super light weight handheld 
design is easy to use up a ladder. 
In-built LAN cable tester. Full PTZ 
camera control. Includes 
charger, adaptors & carry case. 


Soe | 05000 
RS-485 capture analysis 


| Focus & aperture control | anhaa aa 


| DC output for power up test | 
La 


Starts recording 4 
when you hit the 


S 9431 


Dual Camera GPS Dashboard Vehicle Recorder 
Records footage inside & outside the vehicle simultaneously to the 
internal 8GB micro SD card. Essential when analysing accidents, 
driver assaults etc. Audio & video is synchronised with Google 
maps. Low light CMOS sensor and infra-red LEDs designed for 
night or day use. See YouTube video on our website! 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
‘All In One’ DVR & Monitor Unit 
| 
| 
| 
| 


e Follow @AltronicsAU 


www.facebook.com/Altronics 


Express Order 


Remote control from your iOS or Android device 


Tome ut 


Sains tor : A 2696 


Ethernet 


Access over 14,000 internet radio stations from your hi-fi! 

This stylish wireless internet radio player will perfectly compliment your existing AV system. It provides you with access to DAB+ 
digital radio stations, plus virtually any internet radio station or podcast via wireless internet (no computer required!). Plus it can 
stream music stored on your PC via UPnP. Size: 430x90x285mm. 


(3 2 Year Warranty 


Biema® Stereo Power Amplifier 
Brilliant performance, producing a smooth, crisp sound with plenty of grunt when required. Features * 6.35mm/RCA inputs 
e Fan cooled ° Binding post, 6.35mmi & Speakon outputs + Many protection features + Power into 8Q 2 x 100W, 4Q 2 x 170W. 


Ideal for double 
storey homes 


c 0993 


Run HDMI signals over 

mains power wiring. 

This handy problem solver is great for sending 
1080p signals from one room to another without 
the need for any additional cabling. IR repeater 
allows you to remote control the source device 
from the other room. 70m range. 


New MP3 USB 
model for easy 
music playback 


up in just seconds with no expertise required. Just | 
plug into 240V power, switch it on and connect a Si MO 
mic! Versatile, lightweight & built to last. | Fetes & carnivals. 
Features: * Bi-amplifier design * 6.35mm/XLR 
Mic input * RCA line in Ħ Bass & treble 

e “Daisy chain” multiple units together 


A 0977A 


Jumbo 4 In 1 Remote Control 

e Great for the kids! * Each button is about the 
size of a 20c coin! * Pre-programmed with 
1000’s of codes, plus IR learning * Requires 
2xAA batteries * Size: 284 x 128mm. 


All metal 
construction 


2750 


5.8GHz Wireless AV Sender Entertainer Microphone 


A superb quality mic housed in 
a zinc diecast body with a 
super-cardioid pickup designed 
to eliminate feedback & 
unwanted noise. Includes 4.5m 
XLR 3 pin lead. 


e Transmit stereo audio & 
composite video without cables from 
room to room * 30m range « IR 
sender built in * Includes 

transmitter, receiver & plugpacks. 


Wake Up To Digital Radio! 

An ideal bedside companion! Wake up to your 
favourite digital or FM station. Large display 
with scrolling info. 10 presets. Two alarms. 


Phone: 1300 797 007 
Fax: 1300 789 777 
www.altronics.com.au 
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| 
| 
| 
| 
| 
| 
| 
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Great hand tools... 
— 


Heavy Duty Ratchet 
Modular Crimper 
With in-built wire stripper 
& cutter! Rugged all steel 
construction designed to last a 
lifetime. A truly pro quality tool 
for crimping 4 to 8 way 
modular plugs. Great for 
making custom data leads. 


Top of the range! 


T 1571 


Top Value! 


es 


T 2187A 


Precision Mini Drivers 

Contains 5 flat blade and 3 phillips head drivers. 
Ideal for service technicians. Supplied in a 
robust carry case. 


T 1450 


T 1460 Magnifier 


Just like having an extra hand! Great for gluing, 
painting or soldering. With or without magnifier. 


T 1526 1-3.2mm <A 
T 1527 0.5-2mm? o 


E-Z Squeeze Wire be D 
Strippers 

Instant wire stripping with a squeeze of your 
hand. Jaws have holes to suit various wire sizes. 


Nifty Service Aid 


Made from diecast ~ 
alloy. Clamps to your ~ 
work bench and 

provides total 360° 

freedom when 

working. Jaws open to 

55 mm. Includes soft 

jaws for holding 

delicate connectors. 


Work from any angle. 
Great for hobbyists! 


| 
j 
| 
Handy Desktop Holders 
| 
i 
| 
| 
l 
| 
| 
| 
T 2367 i 


Micron® 45W Digital Soldering Station 

An excellent multi purpose soldering iron for service techni- 
cians, schools, engineers, R&D, production work etc. 
Japanese long life ceramic element. 150°-480°C. 0.8mm tip. 


Suits lead free soldering 2 Year Warranty Metal case a 
aa 
a Tip has inbuilt 
LED lamp. 
T 2699 


Amazing USB Powered Soldering Iron! 

This lightweight unit is perfect for occasional soldering jobs 
with surprisingly good performance. Includes adaptor for run- 
ning from a 9V battery and sponge. Fitted with ultrafine tip 
capable of temperatures up to 896°C! 

Check out the YouTube video online. 


Regulated precision for voltage 
critical applications 


Manson 


M 8224 3-15V 25A M 8222 1-15V 60A 


High Current Regulated Power Supplies 
Compact, powerful and lightweight switchmode design. Great 
for powering communications equipment, car audio amplifiers, 
camping fridges or other portable DC power appliances. 


Clean DVD's, 
jewellery and 
small parts 
with ease. 


Shift dirt & grime with nothing but water! 

This 70W ultrasonic cleaner is ideal for delicate items such as 
jewellery, spectacles or car parts. Uses water and ultrasonic 
waves to clean even the tiniest of items without damage. For 
best results use T 3180 ultrasonic wash liquid $12.95. 


D 3006 


Test LAN Cables FAST! 
Saves you time and frustration 
identifying bad network leads! It 
instantly displays status of all 
conductors (shorted pins, straight 
or crossover). Includes battery. 


Measure 
Precisely 
Engineer grade stain- 
less steel vernier 
calipers. Fitted with 
an easy read dial. 
Thumb wheel slider 
and lock. 0.02 to 
150mm. 


T 2245 


Q 1121A 


Protek® 19 Range DMM 
Features a data hold function, 3.5 
digit jumbo readout, transistor 
and diode test, 10A max current. 
Includes test leads, rubber holster. 


Great for 
live venues 


Pocket Sound Level Meter 


Measures sound up to 130dB. 
Great for live venues, installers, 
pubs etc. Includes battery. 


Finally a clamp 
meter designed for 
electronics use! 
The first clamp meter 
in our range that spe- 
cialises in low current, 
high resolution readings 
down to 1mA. Suits AC 
or DC use up to 80A. 
Easy to read backlit 
LCD. 2 year warranty. 


AC/DC CLAMP METER 


@ wow 


Q 0968 


T 2480 


With 
refillable 
cartridge 


Reduce Heatshrink Instantly! 


Great for reducing heatshrink, removing 
adhesives & paint. With a flick of the 
trigger it instantly powers up to 650°C! 


Great for 
automotive 
wiring. 


‘oa 
Handy 160 Piece 
Heatshrink Pack 
A must have for the workbench! 
160pc's of 100mm heatshrink in 1.6, 
2.4, 3.2, 4.8, 6.4 & 9.5mm sizes. 


W 0884 Colour 
W 0886 Black 


Adjustable 
for different 
surfaces. 


Q 1282 


Contact Free IR Digital 
Thermometer 


! Professional accuracy for an 
affordable price. Ideal for measuring 
whilst equipment is operating. 0.1° 
accuracy from -20°C to 270°C. 
Includes batteries. 
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ALTRONICS 


BUILD IT YOURSELF ELECTRONICS CENTRE 


Audiophile quality 
stereo sound! 


Professional Digital-Analog Converter Kit 


(SC Sept-Nov ‘09) This professional quality kit will drastically improve the sound output from your 
DVD player, allowing you to obtain audiophile quality sound from a regular CD/DVD player, settop 
box, PVR or computer. Also reduces buzz, hum and signal noise, ensuring your listening experience is 
top notch. Coaxial or optical inputs. RCA output. 240V mains operation. Includes screened and 
punch rack case, all components, transformer, PCBs and cabling. 


Also available in 
individual modules 
- see our website 
for details 


K 5125 


Silicon Chip 2x20W 


Stereo Class-A Amp Kit 


(SC May-September 2007) Ultra low distortion 2x20W RMS class-A amplifier designed by Silicon 
Chip. With a THD specification of just 0.0006% it can barely be measured even on pro grade test 
equipment! A pure Class-A design for audiophiles to enjoy. Includes all components required to 
construct a fully built amp. Features: e 20W output into 8Q per channel e Amazingly low 0.0006% 
distortion * On-board remote volume circuit and motorised pot * All metal case - built to last. 


TV Pattern Generator Kit GPS Boat Computer Kit 

(SC Oct ‘10) Never get lost at sea again! 
Shows speed and heading - plus it will navigate 
you back home - or to that secret fishing spot! 
It even displays fuel consumption, along with a 


host of other vital information. 


(SC June ‘06) This compact generator 
creates 9 diagnostic patterns which are 
displayed on any device with a composite video 
input. Requires 9V battery. 


Cay 
P Aimust have for 


servicing & repairs 


re 


Measure 25kV on a standard DMM! 
(SC April ‘10). High Voltage Probe Kit. Ideal 
add on for your multimeter to allow voltage 
measuring on CRT based scopes, computer 
monitors, TVs, laser printers, photocopiers etc. 
Note: case & end caps included. 


Car Diagnostic Analysis Kit 

(SC Feb ‘10). This car interpreter kit connects 
to your laptop and provides real time readouts 
from engine sensors (OBD II port vehicles). 
ideal for mechanics & enthusiasts. 


Sale Ends March 31st 2014 


Altronics Phone 1300 797 007 Fax 1300 789 777 


Mail Orders: C/- P.O. Box 8350 Perth Business Centre, W.A. 6849 
© Altronics 2013. E&OE. Prices stated herein are only valid for the current month or until stocks run out. All prices include GST and exclude freight and 
insurance. See latest catalogue for freight rates. All major credit cards accepted. 


Please Note: Resellers have to pay the cost of freight and 
insurance and therefore the range of stocked products & prices 
charged by individual resellers may vary from our catalogue 


WESTERN AUSTRALIA — 
spe _Esperance Comms. 


___Interact Us (03) 5444 3000 


“Top End Technology (03) 547 


Digital Audio 
Signal Generator Kit s 
(SC March ‘10). onics (03) 948 

PC (03) 5986 6711 
Incredibly low distortion (typically <0.06%). 
Sine, square, triangle and sawtooth wave 
generator. Plus waveform mixing, pulse 
and sweep modes. Ideal for RMS and 
music power testing; testing DACs & 
crossovers. Requires 4xAA or 9V plugpack. 

eston __Active Electronics (03) 6334 7333_ 

NSLAND 


____Delsound (07) 3397 


4 1588 


Prime Electronics (07) 5531 259 


Electronic Bellbird Kit 

(SC Dec ‘13) A great starter project for 
kits to learn about electronics. Mimics the 
musical sounds of a real Bellbird with a 
decorative LED chaser light. Includes 
button cell battery. 


PC Birdies Kit 

(SC Aug ‘13) An educational and fun kit 
to build for electronics beginners. Re- 
creates the sound of a tweeting Canary at 
random intervals. Includes Jiffy box case. 


K 6125 
ightsounds Wollong 4226 11 
Coastal Caravan And RV (02) 4353 1100 


Versatimer Switch Kit 

(SC June ‘11) Drives a 12V latching 
relay for switching applications requiring 
a low current drain. Also provides a bat- 
tery discharge feature for use with SLA 
batteries. In-built timer (1s-Shrs) can be 
triggered from external contacts. 


_Force Electronics _(08) 8347 1186 _ 
Idyll Hours Hobbies (08) 8821 2662 


“Global PC +64 3 3434475 
Global PC +64 3 3543333 


CIRCUIT NOTEBOOK 


for the MiniMaximite 


The popularity of Arduino micro- 
controller products has spawned 
many hardware ‘shields’ which simply 
plug into the Arduino board. These 
shields are usually well designed and 
come with a diverse number of fea- 
tures. They are also normally sup- 
ported with ready-made software so 
that getting things up and running is 
relatively simple. 

However, this is not the case for 
users of the Maximite family who 
would normally have to design and 
troubleshoot their own hardware 
and then write and debug their own 
software. 

This example shows how it is 
possible for Maximite enthusiasts to 
enjoy some of the hardware shields 
developed for the Arduino system. 
It employs an Arduino LCD Keypad 
Shield. This has a 16-character by 
2-line display which has built-in 
contrast adjustment and an attrac- 
tive blue backlight with bright 
white characters. No extra wiring is 
required for either.It also comes with 


Adapting an Arduino LCD shield 


Table 1: Button Voltages 


Interesting circuit ideas which we have checked but not built and tested. Contributions will be 
paid for at standard rates. All submissions should include full name, address & phone number. 


six pushbutton switches which can 
be used as controls. 

Many on-line suppliers have these 
LCD Keypad Shields for $5 to $6 
each which is a great deal cheaper 
than the typical $20 or so charged 
for a bare-bones LCD panel with no 
backlight. 

The main circuit shows how to 
connect a MiniMaximite to the LCD 
shield. I/O pins 13-16, 18 & 19 of 
the MiniMaximite are connected to 
pins D4-D7, D8 (RS) and D9 (EN) 
of the shield. I/O pin 17 is con- 
nected to the reset pin on the shield. 
This assignment allows an 8-way 
cable to make all these connections. 
I/O pin 10 on the MiniMaximite 
connects to pin AO on the shield, 
and the ground and 5V supply are 
connected where shown. 

The subsidiary circuits provide 
the other functions. For example, 
the circuit at bottom left shows how 
to control the backlight; all compo- 
nents inside the solid rectangle are 
already on the shield. I/O 20 on the 


Button Right Up 
Voltage oV 0.45V 


$ 
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1.08V 


Left Select None 
1.62V 2.31V 3.21V 


MAY THE BEST * 


As you can see, we pay $88 for contributions to Circuit Notebook. 
ae Each month the EST contribution (at the sole discretion of the editor) 

$ receives a $150 gift voucher from Hare&Forbes Machineryhouse. 

5 That’s yours to spend at Hare&Forbes Machineryhouse as you see fit | 

$ w buy some tools you’ve always wanted, or put it towards that big 

“ $ purchase you’ve never been able to afford! 


ntribution 


MiniMaximite J 
connects di- wack Holliday 
rectly to D10 IS this mo 


on the shield 
to control the 
backlight. By 
defining I/O 20 
as an open-collector 
output, its load is the 4.7kQ resistor. 
When I/O 20 is high, this resistor 
turns Q1 on and the backlight is 
enabled. If I/O 20 is low, Q1 is off 
and so is the backlight. 

The reset button on the Arduino 
LCD shield is not used for its origi- 
nal purpose so it can be connected 
to a digital input and used as an 
interrupt for the MiniMaximite. The 
reset button is sensed by I/O pin 17, 
which is defined as an interrupt pin 
in the sample program. Note that 
the 8.2kQ resistor must connect to 
the 3.3V supply, not the 5V supply. 

Finally, the remaining five but- 
tons on the LCD shield — select, left, 
down, up and right (these names are 
generic and serve only to distinguish 
one button from another) — can be 
connected to just one analog input 
(I/O pin 10) to determine which 
button was pressed. 

As before, all-components in 
the pink section are already on the 
shield board. Only the 5.6kQ resistor 
needs to be added. This prevents 5V 


WIN! 


a s150 


GIFT VOUCHER 


eee tone a EEE 


Contribute NOW and WIN! 
Email your contribution now to: 
editor@siliconchip.com.au 
or post to PO Box 139, Collaroy NSW 
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MINIMAXIMITE 


EXPANDED DETAIL OF BACK LIGHT CONTROL 


from being transmitted to I/O pin 10 
which could damage the MiniMax- 
imite since this input can tolerate a 
maximum of only 3.3V. 

The accompanying table (Table 1) 
shows the voltages measured when 
the different buttons are pressed. Us- 
ing these values with a single ADC 


siliconchip.com.au 


REG2 LM1117T 


LCD KEYPAD SHIELD 
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LED+O © DI2 
LED-O ODI11 


REG1 LM7805 


16x2 LCD MODULE 


UP 


SELECT LEFT O RIGHT RESET 
vow 


+3.3V 


EXPANDED DETAIL OF RESET INPUT BUTTON 


input can determine which button 
was pressed at any given time. 

The sample program initialises 
the LCD, turns the backlight on and 
gives a welcoming message. It then 
scans for button presses and branch- 
es to the corresponding subroutine 
for that button. 


EXPANDED DETAIL OF ANALOG INPUT BUTTONS 


The subroutines merely announce 
which button was pressed but can 
be changed to suit your particular 
application.The software Icshield. 
bas can be downloaded from the 
SILICON CHIP website. 

Jack Holliday, 

Nathan, Qld. 
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Cireult Notebook = Continued 


D1 1N4004 


pad RAL Wan POWER IN 


1N4004 
Atmel microcontroller drives an Rok 


Arduino OLED display 


This circuit uses an Atmel AT- 
mega328P microcontroller to record 
the current time, date, temperature 
(°C) and humidity (%RH) and feed 
the information to a 128x128 OLED 
display available from Freetronics. 
It uses a Dallas DHT22 sensor for 
temperature and humidity while 
using an RTC module for date and 
time. It also includes several LEDs 
to display power, errors or a user- 
defined setting and a 5V regulator 
for external power. 

The indicator LEDs are connected 
to outputs PD5, PD6 & PBO which 
correspond to Arduino pins D5, D6 
& D8. The temperature/humidity 
sensor is controlled by I/O pin PB1 
(Arduino D9). 

The OLED display is connected to 
MISO, MOSI, SCK, PD2, PD3, PD7 
and Vcc on IC1. 

At start-up, the three LEDs (used 
for errors and user-defined purposes) 
will flash twice, then a start-up 
message is shown in ‘Arial 14’ font. 
When writing a custom message to 
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be displayed, using \n in the text 
string will cause text to move to a 
new line. The program then moves 
onto the loop where a test of the RTC 
and DHT22 is performed using ‘if’ 
commands. If any errors are present 
the corresponding LED will light up. 

After performing the tests, the 
loop begins to write to a string called 
‘writeString’. The first object that is 
displayed is the time. 

First, the program changes the 
OLED foreground colour to green 
and clears the string, then the time 
is added to the string followed 
by selecting the font, in this case 
‘Droid_Sans_36’, the biggest font on 
the screen (being the main focus). 

When it comes to printing the 
text to the screen it selects the 
boundary box to use (selected at the 
beginning of the code followed by 
‘.print(writeString);’). It then resets 
the boundary box and moves on 
to the next object to display. The 
procedure is then repeated with 
the boundary box, font and colour 


changed to suit. For this version the 
colours and fonts are as follows: 
Date: White System Font5x7 

Time: Green Droid_Sans_36 

Temp: Red Arial_Black_16 
Humidity: Royal-blue Arial_Black_16 

Then there is a 500 millisecond 
delay and the cycle repeats. 

Text colours, foreground colour, 
font and position can be changed to 
suit the user. 

Note that the OLED module is 
subject to image “burn-in”, similar to 
that experienced on plasma displays 
when static images are present for 
many hours. This can be avoided 
by regularly changing the position 
of the image on the screen. 

The code is written in the Arduino 
IDE and uses 31,812 bytes of data 
from a total of 32,256 bytes. This does 
not allow a lot of room for any ad- 
ditional code. The software, OLED_ 
TTHD_RV3.ino, can be downloaded 
from the SILICON CHIP website. 

Jed Hodson, 

Galong, NSW. ($75) 
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Versatile timer is 
based on a single chip 


This timer uses a 4541 program- 
mable CMOS 16-stage binary timer 
chip which is also featured in the 
Precision 10V Reference on page 44 
of this issue. Readers may find it use- 
ful to compare these circuits which 
provide quite different functions. 

In both cases, the internal oscil- 
lator is employed and its frequency 
is set by the components connect to 
pins 1, 2 & 3 and it can varied overa 
wide range with potentiometer VR1. 
Three switches are connected to pins 


Last digit bobble fix for 12-digit frequency counter 


N414 


1 


10, 12 & 13 and these could be in the 
form of links or a 4-way DIP switch. 

Counting starts when power is ap- 
plied. The switch at pin 10 defines 
whether the timer runs for just one 
cycle when grounded or continuous- 
ly when switched high. The switches 
at pins 12 & 13 select the number of 
internal counter stages and therefore 
the length of the timer cycle. With 
both these pins grounded (switches 
open), 13 stages are selected and it 
counts to 8192. With pin 12 high 
(switch closed) and pin 13 low, 8 
stages are selected and it counts to 
256. With pin 12 low and pin 13 high, 


10 stages are selected and it counts to 
1024. And finally, with both pins 12 
& 13 high (both switches closed), all 
16 stages are selected and it counts 
to 65,536. 

Pin 8 goes high at the end of the © 
cycle and turns on transistor Q1 to 
energise the relay which has a set of 
changeover contacts (ie, single-pole, 
double-throw — SPDT) and it also 
lights LED1. 

The circuit is powered from a 12V 
DC source but this could be changed 
to 6V if a 6V relay is used. 

Michael Azzopardi, 

Taylors Hill, Vic. ($35) 


This add-on circuit was devised 
to overcome the problem of last digit 
“bobble” on the 12-Digit Frequency 
Counter (SILICON CHIP, December 
2012 & January 2013) which was 
discovered by Peter Urban (Mailbag, 
page 10, November 2013). At that 
time, a software fix was devised to 
cure the problem but for those con- 
structors who may have difficulties 
upgrading the software, this circuit 
replaces IC14, a 74AC163 with a 
74AC161 and swaps the connec- 
tions to pins 1 & 9. 

To do this without cutting any 
tracks, simply bend up pins 1 & 9 
of the 74AC161 before it is installed 
and then use two short insulated 
wires to connect pin 1 to the pin 9 
hole and pin 9 to the pin 1 hole. On 
the 74AC161, pin 1 is Master Reset 
(bar) and requires no clock pulse to 
clear the chip. 

Graham Lill, 
Lindisfarne, Tas. ($60) 


eE 
Iag 


his new Motor Speed Con- 

| troller supersedes the one we 

published in May 2009. We no 

longer recommend that circuit be- 

cause this new design provides much 

smoother operation and also has much 
better overload protection. 

It is constructed on a single PCB 
coded 10102141 and measuring 112 
x 141mm. It is housed in a diecast 
metal case measuring 171 x 121 x 
55mm. A front panel label measuring 
168 x 118mm is attached to the lid of 
the case. 

The PCB includes cut- 
outs to match the shape of 
the case and a cutout for the 
IEC input connector. 

Before construction, you 
need to check what bridge 
rectifier is being used for 
BR1. This can be either a 
PCB mounting type or one 
that has spade terminals 
— the construction varies 
depending on which type 
is used. There is no best 
choice. 

For the spade terminal 
bridge extra wiring is in- 
volved whereas with the 
PCB mounted bridge, there 
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, eed controlle! 


-for Unive 


“Speed 
Verceall Mekoars 


Last month we described the features 
and circuit details of our new 


Super Smooth, 


Ful-range, 
1GA/230V 
Controller 


Speed Controller. This month we move on to 
construction and troubleshooting. 


is some filing required to remove the 
tworibs that prevent the bridge mount- 
ing flat against the side of the case. 

Also decide if you prefer having 
the feedback control potentiometer 
(VR2) mounted on the front lid or 
whether you will use the internal 
trimpot (VR3). 


Beginning construction 

First of all, check the PCB for any 
etching problems (bridged or broken 
tracks, etc) and wrongly-drilled holes. 


We do not expect that there will be 
any problems with PCBs supplied by 
the SILICON CHIP OnlineShop or with 
those supplied in kits. These are of 
high quality and are solder masked, 
screen-printed and shaped with the 
required cutouts. 

However, if there are any problems, 
repair these as necessary. Similarly, 
if the cut outs in the sides of the PCB 
have not been shaped, they should be 
cut and filed before any components 
are assembled. 

Check that the PCB fits 


This is NOT a project suitable for 
beginners or the inexperienced! 


__ into the case before start- 
| ing assembly. 

= Following the overlay 
| diagram shown in Fig.9, 
| first solder in the resis- 
| tors, except the 0.012 
resistor, using the colour 
code table on page 92 
and/or a digital multime- 
ter, to ensure you have 
the right resistors in the 
right places. 

When inserting diode 
D2 and ZD1 take care 
_ with their orientation. 
_ Diode D1 is installed 
_ later. 

We use an IC socket for 
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Fig.9: all components mount 
on a single PCB - this overlay 
diagram will help you get 
them in the right place and in 
. the right orientation. 
You should find the 

same diagram silk- 

screened onto the 

top side of the PCB. 

Note that provision 

is made for a PCB- 

mounting bridge 

rectifier (BR1) or for 

one which mounts 

off the board via 

short spade leads. The 
alternate wiring diagram 
(Fig.11, overleaf) shows 

how to do this. 


IC1 only. Be sure to install the IC socket 
and the ICs the correct way around 
with the notch facing the direction 
shown on the overlay. Also, ensure 
IC2 and IC3 are placed in their correct 
position. REG1 and Q2 can now be 


Features 


inserted, again taking care to 
place each in its correct posi- 
tion. Q1 is installed later. 

Capacitors can be installed 
next, again using the capaci- 
tor table. It shows the various 
codes that are used to indicate 
the capacitance values of the 
MMC, MKT polyester, and 
ceramic capacitors. 

The electrolytic capaci- 
tors have their value directly 
marked but must be oriented 
with the correct polarity, as 
shown, as must the small 
diode bridge, BR2, which 
can be soldered in now, 
along with the 4-way screw 
terminal. 

It’s made up of two 2-way 
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INSULATING 
WASHER 
BEHIND 


Alternative to VR2 


terminals dove-tailed together before 
being inserted and soldered in place. 
The lead entry side is toward the lower 
edge of the PCB. 

The 0.01Q resistor can now be in- 
stalled. It has a 40mm length of 2.5mm 


For 230VAC brush (universal) motors 


Extremely smooth and precise motor speed control 


Speed can be controlled from zero to maximum 
ee Speed regulation under load 
Justable speed regulation wi 
nae . g with feedback control 
speed motor operation 
2300W (10A) rating 
Cycle-by-cycle current overl i 
oad prote 
Over-current limiting a 
Soft starting 
NTC Thermistor for initial s i 
urge cur iti 
Fuse protection ee 


F [iok F 
sneon emp = 3300 


Rugged case with interference suppression included 


Note: # this 100nF 
capacitor was omitted 
from the circuit diagram 
and the parts list 
published last month 
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10A/230V MOTOR SPEED CONTROLLER 


diameter Vidaflex heat resistant sleev- 
ing slid over it before inserting into 
the PCB holes. 


VR2/VR3 choices 
As discussed last month, VR2 is 
optional but gives front-panel control 


over feedback. Note that if VR2 
is going to be used, you 
should include either VR3 
or a link in its place on the 
PCB to prevents input AN3 
from floating. 

= Solder in VR3 or place 

a short wire link (using a 
length of resistor lead off- 
cut) between the central 
wiper connection and one 
of the end pads (either one) 
for the VR3 position. 

Next are the spade con- 
nectors at CON1-CON3 and 
CON8 & CONS. Spade con- 
nectors are also required at 
CON4-CON7 ifBR1 is a spade 
terminal type. 
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Install the EMI filter and also the NTC 
thermistor. The PCB-mounted bridge 
for BR1 can be mounted now if this is 
used. This sits as low onto the PCB as 
possible before being soldered in place. 

D1 and Q1 are the last components 
to be soldered to the PCB. Solder them 
in so their metal flanges are towards 
the edge of the PCB and their full 
length leads extending about 1mm 
below the PCB. 


Mounting the hardware 

The front panel artwork can be 
copied and used as a marking-out 
template. Note that it does not have a 
hole position for the main earth bolt, 
which can be mounted anywhere it 
doesn’t interfere with anything else. 

Also shown is a marking-out 
diagram for the end wall of the case 
(Fig.12). 


ALL 6.8mm INSULATED FEMALE 
QUICK CONNECTORS ALSO 
HAVE HEATSHRINK SLEEVING 


10A FUSED 
IEC PANEL 


CASE EARTH \ 
VIA M4 x 10mm 
SCREW, EYELET, 
LOCKWASHER 
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Fig.10: the external wiring to the PCB. Inset top right 
is the mounting arrangement for D1 and Q1 - an 
insulating washer is essential between the case and 
the semiconductors but no insulating bush is needed. 


Jaycar’s MS-4000 
EMI filter 
mounts directly 
on the PCB and 
assists greatly 
in removing 
switching noise 
generated by the 
circuit. 


The IEC connector mounts with 
about 4mm gap from the base of the 
case to the bottom of the IEC connector. 
The hole is made by drilling a series of 
small holes around the perimeter of the 
desired shape, knocking out the piece 
and filing to shape. The earth screw 
hole is 4mm in diameter. 

If you are using the PCB-mounted 
bridge rectifier, file away the two ribs 
on the side of the case that prevent the 
bridge mounting flat. 


INSULATING 
/ASHER 


Insert the PCB into the case noting 
that the leads for D1 and Q1 must be 
kinked outward a little so that the 
metal flange of each device is parallel 
to and in contact with the side of the 
case. Mark the mounting hole posi- 
tions for diode D1, IGBT Q1 and bridge 
rectifier, BR1. 

For the quick connector terminal 
bridge rectifier type, this is mounted 
side on against the case side. 

Holes required for mounting Q1 


& DIODE D1 


PB 


©2013 
10102141 


LID EARTH 
VIA M4 x 10mm 
SCREW, EYELET, 

LOCKWASHER 


RY 


> 


FEEDBACK 
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and D1 are 3mm, while a 4mm hole is 
required for the bridge rectifier. 

Holes are also required in the lid 
for VR1 and VR2 (if required) and 
the earth terminal, with a cutout and 
holes for the mains general purpose 
outlet (GPO). 

There are locating spigots on both 
VR1 and VR2 which prevent the poten- 
tiometer body from rotating when the 
knob is turned. The holes for these (so 
the spigot will be captive in the hole.) 
do not need to be drilled fully through 
to the front of the lid panel. 

All holes should be de-burred on the 
inside of the case with a countersinking 
tool or larger drill to round off the sharp 
edges. For D1 and Q1, the edges must 
be rounded to prevent punch-through 
of the insulating washers. 

Attach the PCB to the case with the 
two supplied screws with the case plus 
an extra two M3.5 x 6mm screws. 

Secure D1 and Q1 to the case with 
a screw, nut and silicone insulating 
washer. No insulating bushes are nec- 
essary as the packaging of D1 and Q1 
have insulation between the mounting 
screw hole and metal face. 

The arrangement for this is shown 
in the inset in Fig.10. After mounting 
D1 and Q1, check that the metal tabs 
of the devices are isolated from the 
case by measuring the resistance with 
a multimeter. The meter should show 


a. 


tOnF 250UAC X2 


Pits 
1W- > 


Here’s a close-up of the mounting for the IGBT (Q1) with its insulation washer 


underneath. Diode D1 is similarly mounted. The cambric insulation at top right 


covers the 0.019 resistor 


a very high resistance measurement 
between the case and any of the diode 
and IGBT leads. 

The complete wiring diagram is 
shown in Fig.10. The earthing details 
of the case are most important since 
the IGBT, D1 and the potentiometers, 
VR1 and VR2 are all at 230VAC mains 
potential yet are attached to the case. 
If the insulating washers or the insula- 
tion of a potentiometer were to break 
down, the case would be live (ie, at 
230VAC) ifit was not properly earthed. 
For the same reason, the case lid must 
also be independently earthed. 

The bridge rectifier (BR1) is secured 
to the case with an M4 screw and nut. 


10A/230V MOTOR SPEED CONTROLLER 


OFF-BOARD BRIDGE RECTIFIER 
CONNECTED TO PCB VIA FOUR 

LENGTHS OF 10A/230V WIRE, 
WITH 6.8mm INSULATED FEMALE 
QUICK CONNECTORS AT EACH 
END, PLUS HEATSHRINK SLEEVES 


Fig. 11: if your bridge rectifier (BR1) is designed for off-the-PCB mounting, 
here’s how to wire it. You’ll need to make up some short spade-lug leads. 
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It does not require an insulating washer 
between its body and the case. 

Cut the potentiometer shafts to 
length to suit the knobs. Then install 
the potentiometers. These are mounted 
with up to two washers between the pot 
and the lid for the locating spigot to fit 
neatly into its locating hole. Fit knobs 
to the shafts. The central pointer on 
each knob may require prising out and 
relocating to the correct orientation. 

All mains wiring must be done us- 
ing 10A 250VAC rated wire. Wiring 
for the potentiometer must also be 
mains rated but it does not need to be 
10A rated. The IEC connector must be 
wired using the correct wire colours 
(brown for Active, blue for Neutral and 
green/yellow striped wire for Earth). 
Use quick connectors for the mains 
wiring connection to the PCB connec- 
tors. Wires to the IEC connector need 
to be insulated with heatshrink tubing 
covering all exposed metal terminals 
for the Active and Neutral wiring. 

For earthing, solder two earth wires 
from the IEC connector. Each wire 
should loop through the hole in the 
earth terminal and be wrapped back on 
itself so the wire is essentially captured 
before soldering to the terminal. 

Make sure the earth terminal is 
heated sufficiently with the soldering 
iron so the solder wets and adheres 
properly to both terminal and wire. 
One end of the earth wire is crimped 
to the earth eyelet and the other to 
the GPO earth terminal and the earth 
eyelet on the lid. It is important to use 
one continuous earth wire length with 
just the insulation stripped back in the 
middle to terminate into the GPO earth 
screw terminal. 

The earth eyelets are secured with 
M4 screws, a star washer and nut, with 
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The view inside the completed project. Note that there is no power lead 
connected to the IEC socket in this picture — the case should never be open with 


power applied! 


a second nut used as a locknut. Note 
that a countersunk screw is used on the 
lid. The IEC connector is secured with 
the M3 x 10mm countersunk screws, 
star washers and nuts. Similarly, the 
GPO is secured with M4 screws, star 
washers and nuts. 

Wire up the potentiometer, again 


Capacitor Codes 


Value UF IEC EIA 
value code code 
470nF 0.47uF 470n 474 
100nF O.1uF 100n 104 
15nF .015yuF 15n 153 
10nF.O1uF 10n 103 
inF .001pF 1n0 102 
470pF NA 470p 471 


All “X2” class will have printed values 
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using 250VAC-rated wire. The reason 
for this voltage rating this is to ensure 
that there is no insulation breakdown 
to case. Finally, hold the wiring in 


Resistor Colour Codes 


No. Value 4-Band Code(1%) 
[] 3 1MQ brown black green brown 
[J 3 10k2 brown black orange brown 
[1 1 4.7kQ yellow violet red brown 
[] 2 2.2kQ red red red brown 
[1 i 1kQ brown black red brown 
[1] 2 4702 yellow violet brown brown 
[1 1 3302 orange orange brown brown 
[1 3 1002 brown black brown brown 
[J] 1 102 brown black black brown 
[1 1 472 yellow violet black gold (5%) n/a 


place using cable ties as shown. This 
minimises the possibility of any wire 
breaking loose and making contact 
with the case. 


Testing 


Before you power up the circuit, 
check all of your wiring very care- 
fully against the overlay and wiring 
diagram. Also check that the case and 
lid are connected to the earth pin of 
the power socket. 

If you are satisfied that all is correct, 
you are almost ready to screw the lid 
onto the case. Set VR1 and VR2 fully 
anticlockwise. If you are not using 
VR2, set VR3 anticlockwise instead. 

When screwing the lid on, note that 
the case is supplied with a rubber seal 
that goes around a channel in the lid. 

Do not be tempted to operate the 
speed controller without the lid in 
place and screwed in position. 

Any delving into the circuitry when 
it power is connected is potentially 
lethal. Preferably, use an earth leak- 
age circuit breaker (safety switch) on 
the mains supply. If there isn’t one 
already installed in your fuse box, use 
an in-line type. 

The easiest way to test the circuit 
operation is to connect a load such as 
a standard (ie, non-speed-controlled) 
electric drill. Apply power and check 
that you can vary the drill speed with 
VR1. Some motors may require adjust- 
ment of VR2 for best speed regulation. 
If using VR3 instead this must be 
done on a trial-and-error basis with 
the power off. Disconnect power to 
the controller by unplugging the IEC 
mains power lead from the mains wall 
outlet, adjust VR3 very slightly and 
replace the lid. 

In practice, if VR2 or VR3 is adjusted 
too far clockwise, the motor may tend 
to be overcompensated when loaded 


5-Band Code (1%) 

brown black black yellow brown 
brown black black red brown 
yellow violet black brown brown 
red red black brown brown 
brown black black brown brown 


yellow violet black black brown 
orange orange black black brown 
brown black black black brown 
brown black black gold brown 
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The end of the diecast case must be drilled and filed to house the fused IEC 
mains input socket along with a countersunk 4mm hole for the main earth bolt 


(see diagram below). 


and will actually speed up. It may 
even hunt back and forth between a 
fast and slow speed. If this happens, 
readjust VR2 or VR3 anticlockwise for 
best results. 

If you are using a drill at fairly low 
speed, the motor should not slow 
down by much as you put a reason- 
able load on it. 

Note that the feedback feature where 
the idle current can be dialled out will 
prevent the motor speed from increas- 
ing with increasing feedback control 
adjustment. The idle current can be 
dialled out by running the motor at the 
desired speed and then rotating VR2 
anticlockwise so that the controller 
measures the idle current. 

Then readjust VR2 clockwise to its 
required position for best control. The 
motor speed is then only controlled for 
current that exceeds the idle current. 
This feature cannot be easily activated 
using VR3. 


This speed controller must NOT 
be used with appliances that already 
have a continuously variable speed 
controller built into the trigger. 

You can use the speed controller 
with electric drills that have two-speed 
gearbox switching (ie, non-electronic) 
speed control. ` 

One final point; if you are using 
this controller with a high power tool 
such as a large circular saw or 2HP 
router, it will not give the same kick 
when starting. That is because of the 
soft start — the motor will take slightly 
longer to come up to full speed. This 
is due to both the NTC thermistor and 
PWM soft start by the micro. 


Troubleshooting 


Ifthe speed controller does not work 
when you apply power, it’s time to do 
some troubleshooting. First, aremind- 
er: all of the circuitry is at 230VAC 
mains potential and can be lethal. This 


mains 
connector 
cutout 


Fig12: drilling detail for the end of the case shown above. Photocopy this and 
stick it to the end of the case, then drill right through it. 
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includes any exposed metal parts on 
components except those that are tied 
to the earthed chassis of the case. Do 
not touch any part of the circuit when 
it is plugged into a mains outlet. Al- 
ways remove the plug from the mains 
outlet before touching or working on 
any part of the circuit. Before going 
any further, check the fuse, then give 
your PCB another thorough check 
(using a magnifying glass?). Check for 
incorrectly placed components and for 
component orientation. Also check 
solder joints. 

Fortunately, there is a safe way to 
check most of the circuit and that is to 
operate it from a low voltage (12-14V 
with at least a 20mA current capabil- 
ity) DC supply. 


Tools with 


“Soft Start” Circuits 


When testing the 230V 10A Brush 
Motor Speed Controller on a 220-240VAC 
6.5A Makita LS1017L Sliding Compound 
Saw, the motor would not operate at all. 
A quick search on the ’net revealed that 
this saw includes a soft start circuit to 
prevent the otherwise massive surge 
current at start up. 

Presumably, the soft start circuit 
requires an AC supply in order to work. 
The full wave rectified DC voltage from 
the Motor Speed Controller prevents it 
working. 

The accompanying photograph shows 
the soft start module. This is located just 
inside the end cap of the motor where it 
receives cooling air drawn in through 
the motor fan. 

The C terminal connects to mains Ac- 
tive via the trigger on switch for the saw. 
The A terminal connects to mains Neutral. 
The soft start connection is between 
terminals A and B. By disconnecting the 
soft start A & B terminals then bridging 
the spade lugs which originally connected 
to them, we were able to use the Motor 
Speed a dol with this saw. 


| XS- 12/D3 A 


| 12(16)/250~ EA p 


Ee 
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GPO 
CUTOUT 


ge Speed Controller 


rush Motors 


Set idle current__s 


Feedback 


© 


Fig.13: this same-size front panel label can also be used as a drilling/cutting template as well as the final label — if 
you want it in colour, it can be downloaded from siliconchip.com.au and printed on a colour printer. The 4mm 
countersunk hole for the lid earth screw is not shown - it can go anywhere it doesn’t interfere with controls, etc. When 


applied, the label hides its location. 


Remember that most plugpacks 
supply significantly above their rated 
voltage when unloaded so we would 
always err on the lower side, ie, 12V 
rather than 14V. 

You must have the 230VAC mains 
disconnected from the controller by 
unplugging the IEC mains lead from 
the controller and the mains socket. 

The supply is connected to zener 
diode ZD1 with the positive connect- 
ing to the cathode (striped end) and 
the negative connecting to the anode. 
Before you connect the supply, meas- 
ure it to make sure it is not exceeding 
14V, otherwise you may damage the 
15V zener diode. 

A multimeter can be used to test 
voltages with the negative lead to 
the negative supply (anode of ZD1). 
Firstly, check that there is supply at 
both pin 1 & 8 of IC3, This voltage 
should be the same as your power 
supply connection. 

Pin 14 of IC1 should be about 5V 
(4.85 to 5.15V) as should pin 8 of IC2. 
Voltage on the wipers of VR1 and VR2 
should be adjustable from OV to 5V 
when rotating the potentiometer to 
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its full extremes. Pin 6 of IC2b should 
be 3.4V. 

Pin 9 of IC1 should be adjustable 
from OV to 5V as VR1 is adjusted over 
its full range. This is a DC measure- 
ment of the PWM signal. Pin 7 of IC3 
should range from OV through to the 
power supply voltage with VR1 adjust- 
ment. A similar voltage range will be 
available on the gate of Q1. If the gate 
voltage remains at OV, then suspect a 
damaged IGBT or a short from gate to 
ground. 

If your meter can read frequency, 
the PWM signal at pin 9 of IC1 should 
give a reading of 980Hz when VR1 is 
around mid setting. You will not get a 
frequency measurement with VR1 set 
at either extreme end of its rotation. 

Measuring the resistance between 
IGBT pins is a simple way to check this 
component. If there is a short circuit 
between collector and emitter, or ifthe 
gate is shorted to the emitter, then the 
IGBT is likely faulty unless there is a 
short on the PCB instead. 

Diode (D1) operation can be checked 
using the diode test on your multime- 
ter - there should not bea short circuit 


between anode and cathode. 

Be sure to remove the power supply 
connection and replace the lid before 
reconnecting to the mains. 

If the live circuit must be worked 
on, it must be operated via a 1:1 mains 
isolation transformer and having an 
earth leakage circuit breaker (safety 
switch) installed. 

Incidentally, do not try to monitor 
the waveforms with an oscilloscope 
when powered from the mains unless 
you know exactly what you are doing. 
Ideally it needs with a scope with true 
differential inputs or a mains isolation 


transformer. 


And a final warning! 


The entire circuit of this motor 
speed controller floats at 230VAC. It 
is potentially lethal. Do not build it 
unless you know exactly what you 
are doing. Do not touch any part of the 
circuit while power is applied from the 
mains and do not operate the circuit 
outside its metal case or with its lid off. 

This circuit is not suitable for in- 
duction motors or shaded pole motors 
such as those used in fans. 
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Control and Protection. Covering polyphase induction motors, single- 
phase motors, synchronous machines and polyphase motor starting. 160 
pages in paperback. 
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with order & credit card details (02) 9939 2648 with all details 
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silicon@siliconchip.com.au 
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_ SELF ON AUDIO 


= by Douglas Self 2nd Edition 2006 $69.00 

A collection of 35 classic magazine articles offering a dependable methodol- 
ogy for designing audio power amplifiers to improve performance at every 
point without significantly increasing cost. Includes compressors/limiters, 
hybrid bipolar/FET amps, electronic switching and more. 474 pages in paperback. 


SMALL SIGNAL AUDIO DESIGN 


» By Douglas Self — First Edition 2010 $88.00 

= The latest from the Guru of audio. Explains audio concepts in easy-to-under- 
stand language with plenty of examples and reasoning. Inspiration for audio 
designers, superb background for audio enthusiasts and especially where it comes to 
component peculiarities and limitations. Expensive? Yes. Value for money? YES! Highly 
recommended. 558 pages in paperback. 


FF AUDIO POWER AMPLIFIER DESIGN HANDBOOK 
by Douglas Self — 5th Edition 2009 $81.00 
| "The Bible" on audio power amplifiers. Many revisions and 

updates to the previous edition and now has an extra three 

chapters covering Class XD, Power Amp Input Systems and 
Input Processing and Auxiliarly Subsystems. Not cheap and not a book 
for the beginner but if you want the best reference on Audio Power Amps, 
you want this one! 463 pages in paperback. 


PRACTICAL GUIDE TO SATELLITE TV 

By Garry Cratt — Latest (7th) Edition 2008 $49.00 

Written in Australia, for Australian conditions by one of Australia's foremost 
satellite TV experts. If there is anything you wanted to know about setting 
up a Satellite TV system, (including what you can't do!) it's sure to be covered in this 
176-page paperback book. 


NEWNES GUIDE TO TV & VIDEO TECHNOLOGY 


al By KF Ibrahim 4th Edition (Published 2007) $49.00 

It's back! Provides a full and comprehensive coverage of video and televi- 

A sion technology including HDTV and DVD. Starts with fundamentals so is 
ideal for students but covers in-depth technologies such as Blu-ray, DLP, 

Digital TV, etc so is also perfect for engineers. 600+ pages in paperback. 
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RF CIRCUIT DESIGN 


Í by Chris Bowick, Second Edition, 2008. $63.00 
The classic RF circuit design book. RF circuit design is now more important 
that ever in the wireless world. In most of the wireless devices that we use 
there is an RF component - this book tells how to design and integrate in a very practi- 
cal fashion. 244 pages in paperback. 


PRACTICAL RF HANDBOOK 


RE by lan Hickman. 4th edition 2006 $61.00 

i A guide to RF design for engineers, technicians, students and enthusiasts. 

g Covers key topics in RF: analog design principles, transmission lines, 

5 couplers, transformers, amplifiers, oscillators, modulation, transmitters 
and receivers, propagation and antennas. 279 pages in paperback. 


PRACTICAL VARIABLE SPEED DRIVES & 
POWER ELECTRONICS 


An essential reference for engineers and anyone who wishes 
to design or use variable speed drives for induction motors. 
286 pages in soft cover. 


— $12.00 PER BOOK; 


REST OF WORLD $18.00 PER BOOK 


PHONE - (9-5, Mon-Fri) OR 
Call (02) 9939 3295 with Your order to PO Box 139 
with order & credit card details Collaroy NSW 2097 


Actual size of this 


-is a little larger than 
this page. Capacity is 
a whopping (for the 
time!) 4KB x 9 bits and 
it consists of 36,864 of 
the tiny ferrite beads 
enlarged in the 
inset below. 


By contrast, 
== ere’s a modern 
4GB memory card 

— one million times 
more Capacity — 
shown at about the 
same scale (it’s 
actually 15 x 11mm)! 
The latest iterations 
of this card offer up to 
256GB of memory. 


While cleaning up the garage, I came across this 40-year-old ferrite 
core memory module, removed from a Mohawk MDS2400. Its capacity 
is 4KB (of 9 bits). In these days of hundreds of gigabytes of memory in 
cards no bigger than your fingernail, I wondered how many SILICON 
CHIP readers would have ever seen this type of memory, or even seen a 
‘bit’ in its rawest form. 
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n 1974, one of 
| = 4K cards, 

or panes, would 
Vg have set you back around 
$4500. Given the average Mel- 

bourne house price in 1974 was 
about $25,500, it gives you some idea 
of their value. In 2014 dollars, think 
somewhere north of $100,000 per card 
and you’re not far wrong! 

Apart from their physical construc- 
tion, there are two fascinating aspects 
of core memory. One is that it is non- 
volatile (ie, it holds memory when 
powered off) and two, you can actually 
see it. Bit by bit! 

Companies could also supply and 
ship core memory pre-programmed. 

I worked on mid-range servers and 
accounting machines in the eight- 
ies, which used both core and MOS 
memory. 

When I think back, I also remember 
working on the old CDC 14-inch drives, 
which had a fixed and removeable 
platter and were a total of 20MB (yes, 
that’s written correctly — 20MB, not 
GB) in capacity. 

Those days, we also fixed a majority 
of the items to component level, and 
aligned servo and data heads on the 
disk drives with an oscilloscope and 
an Allen key. 

I will never forget this, as the align- 
ment was such a fine adjustment that 
if you moved it too fast, the heads 
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Here’s the type of equipment this core memory card came from, the Mohawk MDS2400. This is 
actually a 1975 model, even later than we’ve been talking about — but is typical of the era (where 
are the dudes with the white dustcoats?). The most amazing part of it all is that your pocket 
calculator probably has more computing power and memory than this room full of equipment. 


would do an emergency retract, then 
scare you as they nearly took off your 
hand at the same time. 


What is core memory? 


Core memory, or more properly 
ferrite core memory (but sometimes 
referred to as magnetic memory), was 
first developed during the late 1940s 
and early 1950s. 

Some references claim this was part 
of the “Whirlwind” computer project 
at MIT; others state that An Wang (of 
Wang Computer fame) was responsible 
while working at the Harvard Comput- 
ing Laboratory. 

As late as the 1970s, equipment was 
still being made which used a form of 
core memory. It was renowned for its 
reliability but was very expensive to 
build, as it is based on thousands of 
tiny ferrite cores with (normally) three 


LOGIC LOGIC 

“0” “q ” 

Fig.1: whether the ferrite core stored 
a “0” or “1” depended on its magnetic 
flux, which in turn depended on the 
direction of the current pulse that 
was originally sent through it. Once 
magnetised, the core maintained the 
memorised state almost indefinitely, 
even if power was removed. 


wires passing through every one. 

When magnetised, each core held 
a single bit as a 0 or 1, based on the 
direction of the magnetic flux around 
the core (clockwise or anti-clockwise, 
respectively). 

The magnetic orientation was 
changed by current running through 
the core in a particular direction. This 
current was controlled by an arrange- 
ment of “X” and “Y” wires, both of 
which passed through the core. 


Two half-strength pulses 


The way a particular core was 
selected was to send a half-strength 


Y LINES 


Fig.2: the magnetising was actually 
controlled by two wires, each 

being fed half the current required 

to magnetise the core. When two 
energised wires passed through a 
core, the currents added and the core 
was magnetised. 
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pulse down the relevant X wire and 
a corresponding half-pulse down the 
Y wire. 

Half-strength currents were not 
enough to fully magnetise the core 
but the coincident-currents of both 
lines would be enough to then fully 
magnetise the targeted core and change 
that bit’s magnetic flux direction ac- 
cordingly. 

Putting this simply, only where 
these wires intersected, would the 
total amount of current be enough to 
magnetise the polarity of that bit. All 
others would not be impacted as they 
would either not receive a pulse, or 
only a half strength pulse if in the 
same X or Y lines. 

Once a core was magnetised with 
sufficient current, the magnetic 
properties were so strong that they 
would hold there almost permanently, 
just like a normal magnet, until “re 
written”. 


Sense wire 


Core memory also had an additional 
‘sense’ wire that ran through all cores 
in the same pane (window). This was 
used to read (sense) magnetic proper- 
ties to identify the bit state. 

In early core memory, another sepa- 
rate wire, called the inhibit line, was 
also used when multiple panes were 
interconnected. 

The inhibit line would be used 
when multiple panes of memory were 
connected together to save X/Y selec- 
tion lines. 

This was performed by joining all 
corresponding X lines together, and 
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In this extra close-up, you can clearly see the X and Y lines passing through their 
rows of ferrite beads, along with the sense wire passing through all the beads. 
Pairs of beads were oriented so that, as far as possible, they were opposite to 
their neighbours to minimise the chance of magnetic interference. 


all corresponding Y lines together, 
then selecting the individual pane 
by enabling a reverse current on the 
inhibit line on all other panes. This 
effectively dropped the current on the 
ones not required to a point where the 
core would not be magnetised. 

Later releases of core memory incor- 
porated the inhibit and sense functions 
in the same wire as they were used at 
different times. 

To read a single bit of core memory, 
the circuitry attempted to flip the bit 
to whatever polarity the machine re- 
garded as a 0 state, by driving current 
down the selected X and Y lines that 
intersect at that core in one direction. 
(See Fig.3). 

Ifthe bit was already 0, the physical 
state of the core was unaffected and 
no change pulse was received on the 
sense line. 

If the bit was previously 1, then the 
core changed magnetic polarity. This 
change, after a short delay, induced 
a voltage pulse into the ‘sense’ line. 

This is due to the hysteresis of the 
core material. It’s like a light globe: if 
it’s off and you apply power (change 
state), there’s an initial spike due to 
the extra power on current. 

However, if it was already on, and 
you applied the same power, then no 
extra current would be required and 
therefore no spike. Although not quite 
the same, it was a simple way to think 
of it operationally. 

Detecting the pulse meant that the 
bit contained 1. Absence of the pulse 
meant that the bit contained 0. The 
delay in sensing the voltage pulse 
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Fig.3: an additional wire which 
passed through all cores sensed any 
change in the cores and identified 
the bit state of the changed core. This 
sense wire can be seen through some 
of the cores in the enlargement pic 
above left (the blue wire). In most 
cases it’s hidden underneath. 


is called the access time of the core 
memory. 

Following any such read, the bit 
was set to 0 regardless of its original 
state, which is why core memory had 
the term ‘destructive reads’: An opera- 
tion that reads the contents of a core, 
erasing the contents while doing it. 
(see Fig.5). 

This is also why it was immediately 
followed by a write, which would reset 
its original state if found to be a one. 

This ensured that the initial state 
of the memory was not changed by 
reading it, as long as power was not 
interrupted immediately following the 
read operation (see Fig.6). 

To write a 1 bit, the required X and 
Y lines were pulsed with current in 
the opposite direction of the read op- 
eration. As with the read, the core at 
the intersection of the X and Y lines 
changed magnetic polarity. This then 
magnetised the corresponding core, 
in the opposite direction (see Fig.4). 

For multiple panes configured in 
word arrangements, each correspond- 
ing pane row was connected to the next 
and each corresponding pane column 
connected to the next. 

A zero was then accomplished by 
using the inhibit line. To write a 0 bit 
(in other words, to inhibit the writing 
ofa 1 bit), the same amount of reverse 
direction current was also sent through 
the Inhibit line. This reduced the net 
current flowing through the respective 
core to half the select current, inhibit- 
ing change of polarity on that pane. 

The access time plus the time to 
rewrite is the memory cycle time. 
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X SELECT LINES 
Fig.4 (left) shows the initial state of a sample memory address. Notice in this scenario address X3:Y4 state=1. This was 
previously selected by driving half current down theX3 line and half current down the Y4 line in a 1 state polarity. 
Green=1, Red=0. Fig.5 (centre) shows a destructive read. Address X3:Y4 is sent half current zero state polarity down the 
Y4 line and another half down the X3 line. As the bit was effectively ‘flipped’, where the state changed from a 1 to 0, a 
delayed pulse is received on the Sense line. The sensing circuitry then knows that the read state was initially a one. Had 
the initial state been a zero, there would be no change and therefore no sense pulse. Fig.6 (right) shows a write after the 


read in Fig.5. In this scenario, the bit is set back to its initial-state of 1. A pulse on the sense line will also be received after 
the change as confirmation, as the bit flipped back. 


It sounds strange to comment on 
now, but I do remember when I have 
seen people repair memory at times. 
This was normally caused by a dry 
joint, or by dropping the actual PCB 
and dislodging parts. 


DIGITAL ELECTRONICS 
— circa 1974 


We couldn’t resist making mention of 


A magnifier was required, along 
with special tools. The first magnetic 
cores were also much larger than the 
ones pictured. The layout of each core 
was also paramount to stop interfer- 
ence between them. 


Core memory and “core” chips 

Who could have imagined then, that 
miniscule integrated circuits would 
be created that could replace these 
that were massively larger in capac- 
ity or even today, where the complete 


this authoritative reference book, written 
by our own Jamieson Rowe, first pub- 
lished as a series in “Electronics Australia” 
during the late 1960s and then reprinted 
in several editions up to the mid 1970s. 

The field of digital electronics was still, 
if notin its infancy, a very young child and 
Digital Electronics, the book, was used 
by many universities, TAFE colleges and 
trade schools as a major textbook for stu- 
dents cutting their teeth on matters binary, 
programming and the still black science 
of computers and computing. 


j3 : SS NS Are ee ner cers ene 
memory chip can basically detect and A 
repair bad reads itself (EDAC) and be 
a complete throwaway on failure — at 
a cost of a cup of coffee! 

While the names might be the same, 
magnetic core memory and modern 
“core” chips have virtually nothing 
in common — for a start, core chips 
are microprocessors, not memory. The 
still-used term “core dump”, though, 
does have its origins in ferrite core 
memory, where all contents were 
erased by a special command. 

Some may say that we do not need 
to know the finer details of ‘what’s 
inside’ but I am sure that a majority 
of readers would have opened a work- 
ing electronic device, just to see how 
it worked. 

Whether they ever got it back to- 
gether again — and it worked — well, 
who knows! 


It’s quite enlightening reading through 


"i 


this book to see what was then “state 
of the art” in equipment — including a 
detailed description and analysis. of 
Ferrite Core Memory (on page 85). 

It’s right up there with Fortran, Co- 
bol and Algol, with punched cards, 
with drum memories and PDP/8 
computers! Even Cathode Ray Tube 
monitors were described as a recent 
invention. . . 

While now out of print for a few 
decades, the principles and theories 
explained in Digital Electronics still 
hold good even today, even if tech- 
niques and equipment have long been 
superseded and consigned to history, 
seen only in museums and in nostalgic 
articles, as the one presented here by 
Brian Armstrong. 


i} 
bia 


ii 
“f 


i 
: 


Hi i) 
i 


He 


napa My 


Fi 
E 
i 
wnyki 
ieir i 
mitna 
H 
a 


ti 


Ae 


RRI g 
an 
: 
i} 1 
iis 


i 
sl 
M3 
i: 


‘en 


ragatik 
paii 
Aan 
$ 
a R 


siliconchip.com.au 


MARCH 2014 99 


The 1956 Sony Gendis 


TR-72 Transistor Radio 


One of the earliest transistor radios on 
the market was Sony’s TR-72. This was a 
high-quality design employing seven NPN 
transistors and housed in a very attractive 


timber cabinet. 


HE TRANSISTOR RADIO era be- 

gan in 1954 when the world’s first 
commercially successful transistor ra- 
dio, the American made Regency TR-1, 
was released (see Vintage Radio, April 
2013). Very shortly afterwards, transis- 
tor radios from a plethora of manufac- 
turers appeared on the market. 

One such company, the Tokyo Tsu- 
shin Kogyo company of Japan (Sony), 
was hot on Regency’s heels, bringing 
their TR-55 to market in 1955. They 
then followed up with the TR-72 
7-transistor radio in early 1956. 

It’s interesting to note that the trans- 
istor had been invented just a few years 
before, in 1948 at Bell Laboratories by 
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Bardeen, Brattain and Shockley. So 
there was only a modest delay before 
manufacturers came up with a major 
practical commercial application for 
these devices. 


Early transistor problems 


Early transistors suffered from a 
high collector-to-base capacitance. 
This is generally referred to as “Miller 
capacitance” and the negative feed- 
back induced by this has the effect of 
progressively lowering the transistor’s 
gain (or amplification) as the frequency 
increases. This makes such transistors 
useless as radio frequency amplifiers 
unless special precautions are taken. 


In addition, if there is a tuned 
circuit of similar frequency in both 
the base and collector circuits (ie, in 
a grounded emitter amplifier), then 
the amplifier could oscillate. That’s 
because the Miller capacitance can 
result in regenerative rather than de- 
generative feedback, especially when 
the two resonant circuits have similar 
frequencies. The Miller capacitance 
in this instance allows the two tuned 
circuits to exchange energy with each 
other and oscillation and instability 
can occur. 

The Miller capacitance also reduces 
the input-output isolation ofa transis- 
tor acting as a grounded emitter am- 
plifier and it does the same thing to a 
triode in a grounded cathode amplifier 
configuration where it acts between 
the plate and the grid. Pentode valves 
don’t have this problem because their 
screen grid provides input-output 
isolation. 

The technique used to avoid the 
Miller capacitance problem is known 
as “neutralisation”. This involves 
feeding an out of phase signal from 
the output (usually derived from an 
IF transformer or tuned transformer 
winding) back to the transistor’s base 
to phase cancel the current from the 
Miller capacitance. This technique, 
used with triode valves in TRF radio 
sets, was popular in the 1920s and 
the neutralising feedback capacitors, 
called ‘neutrodons’, could be adjusted 
either by the user or a technician to 
prevent the RF (radio frequency) am- 
plifiers oscillating. 

In other circuit configurations, such 
as grounded base circuits or grounded 
collector circuits (emitter follower), the 
Miller effect is less of a problem because 
the transistor’s collector and base are 
connected to low impedances.. The 
cascode configuration eliminates it by 
keeping the lower transistor’s collector 
voltage constant. 

Another way of ameliorating the 
Miller capacitance is to use a relatively 
high collector voltage. That’s because 
the feedback capacitance across the 
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Fig.1: the circuit is a fairly standard superhet design using seven NPN transistors (X1-X7). X1 is the converter stage, 
X2 & X3 the first and second IF amplifiers, diode D2 the detector and X4-X7 the audio amplifier driver and output 
stages. The output stage (X6 & X7) operates in push-pull configuration, with diode D3 providing bias stabilisation. 


reverse biased base-collector junction 
reduces with increasing voltage, much 
as it does with a varicap diode. This 
is why the world’s first transistor 
radio, the Regency TR-1, used a 22.5V 
battery. 

As transistor design improved, the 
22.5V battery idea was dropped and 
lower voltage batteries made up from 
AA, Cor D cells were used. The Sony 
TR72, for example, is powered from a 
4.5V battery consisting of three D cells. 

Later on, as transistor technology fur- 
ther improved, germanium RF trans- 
istors such as the AF115, AF125, 
OC171 and AF178 had collector-base 
capacitances that were so low they 
would work as IF amplifiers without 
any neutralisation. For example, the 
vintage OC45 germanium transistor 
has a Miller capacitance of about 10pF 
while for the more modern AF178, it’s 
only about 0.8pF. 

As another example, the vintage 
Eddystone EC-10 transistor commu- 
nications radio uses OC171s in its IF 
amplifiers with no neutralisation at all. 


Transistor radio advantages 


One of the most remarkable features 
of simple 6 or 7-transistor radios is 
their very low current drain. Each 
transistor, except in the audio output 
stage, usually draws less than 1mA 
and the power delivered to the speaker 
is proportional to the volume setting. 

In addition, the residual bias current 
for a transistor output pair running 
in class AB is usually in the order 
of 3-10mA at most. In fact, the total 
running current of the Sony TR-72 
radio at a normal listening levels is 
about 10mA. 
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This means that with a set of 1.5V 
D-cells and normal daily use, the radio 
runs for months — completely unlike 
earlier valve radios which, depending 
on use, typically chewed through 
batteries in several days or perhaps a 
week or two. 

Transistor radios also benefited from 
earlier developments with ferromagnet- 
ic materials. For example, the Meissner 
Company in the USA pioneered early 
examples of iron dust ferromagnetic 
cores in the late 1930s and these were 
used in their 1939 TV kitset: www. 


worldphaco.com/uploads/THE MEISS- 
NER 5 INCH KIT AND THE ANDREA 


KTE-5.pdf 

The later ferrite rod (or “magnetic 
bar”) antenna works very effectively 
from 100kHz to about 12MHz and so 
was perfect for use as a compact anten- 
na for the medium-wave 550-1700kHz 
band. This meant that AM transistor 
radios did not require a whip antenna 
and so they could be truly portable (or 
even pocket) devices. 

Ferromagnetic core technology was 
also required to give high enough Q 
factors for the compact oscillator coils 
and IF transformers developed for use 
in transistor radios. It simply wasn’t 
practical to use air-cored coils as they 
would need to be far too big. 

So it wasn’t just transistor technol- 
ogy that made compact transistor 
radios possible — the development of 
ferromagnetic material was also criti- 
cal. This vital factor is often neglected 
in discussions about the evolution of 
the transistor radio. 


Sony’s TR-72 masterpiece 
In typical Japanese fashion, Sony 


made just about everything for their 
radios in-house, including the transis- 
tors and diodes. Fig.1 shows the circuit 
of their TR-72 and it’s interesting to 
look at the main features of what is 
a fairly standard single-conversion 
superhet design. 

First, the transistors used in this 
radio are all NPN types. Most early 
commercial germanium junction tran- 
sistors were PNP types and NPN ger- 
manium devices were rare, although 
it’s worth noting that the Regency TR-1 
transistor radio also used NPN devices. 

_If you have one of these radios and 
are stuck for a replacement transis- 
tor, an OC139 or OC140 will work, 
or perhaps even a 2SD11. There are 
also quite a few early 2SD series NPN 
germaniums which could act as re- 
placements at a pinch. 

Fortunately, in my TR-72 radio, 
all the transistors were still perfect. 
However, the detector diode had gone 
open circuit and so a germanium diode 
was neatly tacked across it. In addi- 
tion, one of the primary wires on the 
audio output transformer had sheared 
off the bobbin, disconnecting the col- 
lector of transistor X6 and resulting in 
an asymmetrical and distorted audio 
output. As a result, the transformer 
was removed, the wire repaired and 
the transformer refitted. 

Some of the circuit features are 
worth discussing. First, note that neu- 
tralisation capacitors C9 and C10 have 
been used in the IF stages for the rea- 
sons outlined above. However, there 
is no neutralisation required in the 
oscillator or “converter stage” based 
on transistor X1. That’s because the 
tuned circuit at its collector runs at 
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This inside v view of the Sony TR-72 shows the locations of the major components 
and the high standard of construction. Despite its age, the PCB and its various 
parts look almost like new. 


the oscillator frequency and this is 
substantially different to the tuned 
RF signal frequency at its base. This 
in turn means that there is very little 
risk of signal being coupled from one 
circuit to the other. Also, the stage gain 
is low, so bandwidth is not an issue. 

Conversely, in the IF stages, the 
transistor base and collector tuned 
circuits have the same frequency, 
hence the need for the neutralising 
capacitors (C9 & C10). 

As stated, transistor X1 is the con- 
verter (ie, mixer/oscillator) stage and 
this type of converter is sometimes 
referred to as an “autodyne” converter. 
The oscillator frequency is varied by 
the tuning control (ie, variable capaci- 
tor C2, which is one section of a dual 


tuning gang). It runs 455kHz above 
the received frequency and the two 
frequencies are mixed to produce 
sum and difference products (ie, the 
sum and difference frequencies of the 
oscillator signal and the received sta- 
tion signal). 

The 455kHz difference frequency is 
then passed by the first IF transformer 
primary (IFT1) which is tuned to 
455kHz. This is called the IF (inter- 
mediate frequency) signal. It passes 
through IFT1 while other frequencies 
(including the oscillator and sum fre- 
quencies) are rejected. 

However, there is another RF signal 
which could pass into the IF amplifier 
-that from a radio station broadcasting 
at exactly twice the IF frequency (ie, 


910kHz) above the tuned station. This 
is known as the “image” frequency and 
it is also picked off by the 455kHz IF 
amplifier because it is exactly 455kHz 
above the oscillator frequency (thus 
resulting in another 455kHz difference 
frequency). However, due to the tuning 
of the ferrite rod’s resonant circuit, the 
gain at the image frequency is low, so 
this isn’t usually a problem. 

Even so, a strong local station could 
still break through. For example, ifthe 
radio was tuned to 600kHz, a strong 
local station broadcasting close to 
1510kHz could cause problems. The 
way around this is to have a highly-se- 
lective tuned RF stage which requires 
a 3-gang variable tuning capacitor. 
This type of arrangement appeared in 
transistor radios just a year later, eg, 
in the New Zealand-made Pacemaker 
Transportable radio. This radio looks 
similar to the TR-72 and will be de- 
scribed in a future column. 

Following IFT1, the signal then 
passes through neutralised IF amplifier 
stages X2 & X3 and is then fed to 
detector diode D2. A negative AGC 
voltage is developed across C23 (on the 
secondary of IFT3) and this reduces 
the bias on X2 and X3 to lower the gain 
of the IF amplifiers in strong signal 
conditions to prevent overload. 

Note that transistor X3’s bias is de- 
rived from X2’s, which saves adding 
another divider network. Note also 
that most of the voltage gain in a tran- 
sistor radio (unless it has an RF stage) 
is in the IF amplifiers and it can be as 
much as 80dB for two stages. 

There are two other clever circuit 
features here. First, the DC voltage 
across the base-emitter junction of 
X2 is used to provide a small amount 
of forward bias to detector diode D2. 
That’s been done by connecting the 
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The TR-72 was housed in a sturdy timber i 
10 x 15cm loudspeaker, ensured relatively good bass response from the set. 
The volume/on-off switch (left) and tuning knob are at the top. 


‘lower leg of the volume control to X2’s 
emitter, which means that, from a DC 
perspective, D2’s anode is at X2’s base 
voltage. This helps in the detection of 
weak signals. 

Secondly, under very high signal 
conditions, AGC diode D1 comes into 
play. It works like this: when the IF 
signal voltage is high, D1 conducts and 
charges capacitor C12. This decreases 
the bias applied to transistor X2, 
thereby lowering its gain, and also 
applies some reverse bias to detector 
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diode D2. This helps prevent overload 
on strong signals. 


Audio amplifier stages 


The audio amplifier is quite standard 
and consists of pre-driver transistor 
X4, driver stage X5 and a transformer- 
coupled push-pull output stage based 
on X6 & X7. The output stage in turn 
drives the loudspeaker via another 
centre-tapped transformer. 

The two coupling transformers are 
relatively large and combined with the 


good-sized (10 x 15cm) speaker and the 
ventilated timber case, give this radio 
quite a decent bass response. It’s not 
at all like the ‘tinny’ sound that comes 
from many transistor radios. 

Note the use of negative feedback via 
resistor R22 around the audio driver 
and output stages to lower distortion. 
The output transistors, which are not 
on heatsinks, are DC stabilised by 5Q 
emitter resistors and “bias diode” D3. 
D3 tracks the variation in the base- 
emitter voltages of the output transis- 
tors with temperature and adjusts the 
bias to prevent thermal runaway. 


Construction quality 


An accompanying photo shows the 
inside view of this radio. The con- 
struction quality is remarkable and is 
practically unmatched by any modern 
consumer electronic device. Note that 
there is an additional coupling coil on 
the ferrite rod for a long-wire antenna. 
This is placed well away from the main 
tuning coil so that it has no effect on 
the tuning due to loading. 

The cabinet appears to be made from 
a high-quality Japanese timber and 
the white Sony badge on the front is 
enamelled. The speaker mesh is made 
from anodised gold-colour expanded 
aluminium, while the back hinge as- 
sembly is made of brass. 

Finally, all wires connect to the PCB 
via eyelets with solder tags and the 
transistors each have a good coat of 
paint. The overall quality is such that 
the inside of the radio looks as good 
as new after nearly 60 years! sc 


layer of dust covered the contacts, 
preventing them from conducting 
electricity, even at 230VAC. 

. I cleaned the switch contacts, re- 
assembled it and tested it with my 
multimeter but it still didn’t work. 
I dismantled it again and on closer 
inspection, discovered that the arm 
had been bent, probably due to some 
heavy-footed person actuating the 
unit. After straightening the arm and 
reassembling it again, Ire-tested it and 
found that it now worked. 

It was now time to put everything 
back together again. As I reassembled 
it, I cleaned the dust out of the various 
pieces and soon had it back together 
again. However, the dust collecting 
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barrel had me somewhat puzzled. I’d 
reassembled it so that it was exactly the 
same as it was before I’d dismantled it 
but it just didn’t look right. 

In fact, it looked like there was a 
part missing, because the inner sec- 
tion was loose and there was a direct 
path between the vacuum intake and 
the suction from the motor, with no 
obvious filtering in between. As a 
result, I looked at this assembly more 
closely and then suddenly realised 
that it had been put together with the 
inner filtering unit upside down. So 
that explained why the inside of the 
cleaner had been full of dust. 

Taking the inner filtering unit out 
and reversing it soon fixed that prob- 


lem and meant that there was now a 
filter between the intake and the suc- 
tion from the motor. I’m not sure why 
the previous owner had assembled it 
incorrectly, as they had bought it new 
and would have had the instruction 
manual that came with it. However, 
due to the design of the filter unit, it 
was in fact very easy to install it the 
wrong way around and cause the very 
problem I had just fixed. 

So that was another useful piece 
of equipment repaired at virtually 
no cost, other than the time it took to 
dismantle, clean and reassemble it. 
However, it’s very doubtful that this 
unit would have been taken on by a 
professional repairer, because it only 
cost $100 brand new. In short, if it 
broke down, it really was a “throw- 
away” item! SC 


MARCH 2014 103 


SILICON, 
CHIP... 


Looking for a specialised component to build that latest and greatest Suicow Caie project? Maybe it's the PCB you're after. 
Or a pre-programmed micro. Or some other hard-to-get “bit”. The chances are they are available direct from the SILICON CHIP ONLINESHOP. 


As a service to readers, SILICON CHIP has established the ONLINESHOP. No, we're not going into opposition with your normal suppliers - 
this is a direct response to requests from readers who have found difficulty in obtaining specialised parts such as PCBs & micros. 


* PCBs are normally IN STOCK and ready for despatch when that month's magazine goes on sale (you don’t have to wait for them to be made!). 

* Even if stock runs out (eg, for high demand), in most cases there will be no longer than a two-week wait. 

* One low p&p charge: $10 per order, regardless of how many boards or micros you order! (Australia only; overseas clients - email us for a postage quote). 
* Our PCBs are beautifully made, very high quality fibreglass boards with pre-tinned tracks, silk screen overlays and where applicable, solder masks. 

e Best of all, those boards with fancy cut-outs or edges are already cut out to the SILICON CHIP specifications - no messy blade work required! 
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Via the INTERNET (24 hours, 7 days) E 
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~Y Via EMAIL (24 hours, 7 days) 
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~Y Via FAX (24 hours, 7 days) 
(02) 9939 2648 (INT: 612 9939 2648). Clearly tell us what you want and include your contact and credit card details 


W Via MAIL (24 hours, 7 days) 
PO Box 139, Collaroy NSW 2097. Clearly tell us what you want and include your contact and credit card details 


S Via PHONE (9am-5pm, Mon-Fri) 
Call (02) 9939 3295 (INT 612 9939 3295) — have your order ready, including contact and credit card details! 


YES! You can also order or renew your SILICON GHIP subseription via any of these methods as welll 
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As a service to readers, SILICON CHIP ONLINESHOP stocks microcontrollers and microprocessors used in new projects (from 2012 on) and some 


selected older projects - pre-programmed and ready to fly! Some micros from copyrighted and/or contributed projects may not be available. 
PIC12F675-I/P UHF Remote Switch (Jan09), Ultrasonic Cleaner (Aug10), PIC18F4550-1/P GPS Car Computer (Jan10), GPS Boat Computer (Oct10) 
Ultrasonic Anti-fouling (Sep10), Cricket/Frog (Jun12) Do Not Disturb (May13)  PIC18F14K50 USB MIDIMate (Oct11) 
IR-to-UHF Converter (Jul13), UHF-to-IR Converter (Jul13) 5 a r 
a i h ee. ane cine 
PIC16F1507-1/P Wideband Oxygen Sensor (Jun-Jul12) a eet i e ai eve fo Rares Msten (Navi) 
PIC16F88-E/P Hi Energy Ignition (Nov/Dect2), Speedo Corrector (Sept13), lh nteligent, Dieimet (AsO) = o 
Auto Headlight Controller (Oct13) 10A 230V Motor Speed Controller (Feb14) PIC32MX795F512H-801/PT Maximite (Mar11), miniMaximite (Nov11), Colour Maximite (Sept/Oct12) 
PIC16F88-1/P Projector Speed (Apr11), Vox (Jun11), Ultrasonic Water Tank Level (Sep11), PIC32MX250F128B-I/SP_ GPS Tracker (Nov13) 
Quizzical (Oct11) Ultra LD Preamp (Nov11), 10-Channel Remote Control PIC32MX470F512H-I/PT Stereo Audio Delay/DSP (Nov13), Stereo Echo/Reverb (Feb 14) 
Receiver (Junta), Revised 10-Channel Remote Control Receiver (lutt3), dsPIC33FJ128GP802-1/SP Digital Audio Signal Generator (Mar-May10), Digital Lighting Controller 
Nicad/NiMH Burp Charger (Mar14) (Oct-Dec10), SportSync (May11), Digital Audio Delay (Dect1) Level (Sep11) 
PIC16LF88-1/P Garbage Reminder (Jan13), Bellbird (Dec13) Quizzical (Oct11), Ultra-LD Preamp (Nov11), LED Musicolor (Nov12) 
PIC16LF88-1/SO LED Ladybird (Apr13) dsPIC33FJ64MC802-E/P Induction Motor Speed Controller (revised) (Aug13) 
PIC16F877A-1/P 6-Digit GPS Clock (May-Jun09), Lab Digital Pot (Jul10) dsPIC33FJ128GP306-I/PT CLASSIC DAC (Feb-May 13) 
Semtest (Feb-May12) ATTiny861 VVA Thermometer/Thermostat (Mar10), Rudder Position Indicator (Jul11) 
PIC18F2550-1/SP Batt Capacity Meter (Jun09), Intelligent Fan Controller (Jul10) ATTiny2313 Remote-Controlled Timer (Aug10) f 
PIC18F45K80 USB Power Monitor (Dec12) ATMega48 Stereo DAC (Sep-Nov09) 


RF Probe All SMD parts (Aug13) $5.00 ZXCT1009 Current Shunt Monitor IC (Oct12) $5.00 


G-FORCE METER/ACCELEROMETER Short form kit (Augt1/Nov11) —64450 $40.00 As used in DCC Reverse Loop Controller/Block Switch (Pack of 2) 

(contains PCB (04108111), programmed PIC micro, MMA8451Q accelerometer chip and 4 Mosfets) LF-HF Up-converter Omron G5V-1 5V SPDT 5V relay (June13) $2.00 
DIGITAL SPIRIT LEVEL Short form kit (Aug11/Novl1) —G4#50 $40.00 ; 

(contains PCB (04108111), programmed PIC micro, MMA84510 accelerometer chip and 4 Mosfets) SMD EA i a rts but includes 5V rely and BFO98 I even see $20.00 
CLASSIC DAC Semi kit (Feb-May13) $45.00 GPs Tracker Nov $5.00 
Includes three hard-to-get SMD ICs: CS8416-CZZ, CS4398-CZZ and PLL1708DBQ plus i (Nov13) 5 
an accurate 27MHz crystal and ten 3mm blue LEDs with diffused lenses MCP16301 SMD regulator IC and 15uH inductor 

“LUMP IN COAX” MINI MIXER SMD parts kit: (Jun13) $20.00 | STEREO AUDIO DELAY (Nov13) $20.00 
Includes: 2 x OPA4348AlD, 1 x BO2057CSN, 2 x DMP2215L, 1 x BAT54S, 1x 0.220 shunt WM8731 DAC IC and SMD capacitors. 

LF-HF UP-CONVERTER SMD parts kit: _ (Junt3) $15.00  NICAD/NIMH BURP CHARGER (Mart4) $7.50 
Includes: FkO-HC536R-125 and SA602AD and all SMD passive components 1 SPD15P10 P-channel logic Mosfet & 1 IPP230NO6L3 N-channel logic Mosfet 

ISL9V5036P3 IGBT (NowDect2) $10.00 40A 230V AC MOTOR SPEED CONTROLLER (F 

maa ae i eb14) $45.00 
prm one ae bia on ae . = nd Se sisp 42A TGBT, 30A Fast Recovery Diode, IR2125 Driver and NTC Thermistor 
i č it: 3 x 4-digit blue isplays l 

MMC & Choke Kit: ERA-2SM+ Wideband MMC and ADCH-80+ Wideband Choke $15.00 pee ea ol PLAYBACK MODULE (TDa96 3898) A st 
IPP230NO6L3 N-Channel logic level Mosfets $7.50 JST CONNECTOR LEAD 2-WAY (Jan12) $3.45 
As used in a variety of Siticon Chie Projects (Pack of 2) RADIO & HOBBIES ON DVD-ROM (Needs PC & reader to play!) n/a $62.00 
LOOKING FOR TECHNICAL BOOKS? YOU'LL FIND THE COMPLETE LISTING OF ALL BOOKS AVAILABLE IN THE SILICON CHIP ONLINE BOOKSTORE — ON THE “BOOKS & DVDs” PAGES OF OUR WEBSITE 03/14 


*All items subect to availability. Prices valid for month of magazine issue only. All prices in Australian dollars and included GST where applicable. # P&P prices are within Australia. O’seas? Please email for a quote 
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PRINTED CIRCUIT BOARD TO SUIT PROJECT: 
AM RADIO TRANSMITTER 

CHAMP: SINGLE CHIP AUDIO AMPLIFIER 
PRECHAMP: 2-TRANSISTOR PREAMPLIER 
HEAT CONTROLLER 

MINIMITTER FM STEREO TRANSMITTER 
MICROMITTER FM STEREO TRANSMITTER 
SMART SLAVE FLASH TRIGGER 

12AX7 VALVE AUDIO PREAMPLIFIER 
POOR MAN'S METAL LOCATOR 

BALANCED MICROPHONE PREAMP 
LITTLE JIM AM TRANSMITTER 

POCKET TENS UNIT 

STUDIO SERIES RC MODULE 

ULTRASONIC EAVESDROPPER | 

RIAA PREAMPLIFIER 

GPS FREQUENCY REFERENCE (A) (IMPROVED) 
GPS FREQUENCY REFERENCE DISPLAY (B) 
KNOCK DETECTOR 

SPEAKER PROTECTION AND MUTING MODULE 
CDI MODULE SMALL PETROL MOTORS 
LED/LAMP FLASHER 

12V SPEED CONTROLLER/DIMMER 
USB-SENSING MAINS POWER SWITCH 

DIGITAL AUDIO MILLIVOLTMETER 

INTELLIGENT REMOTE-CONTROLLED DIMMER 
INPUT ATTENUATOR FOR DIG. AUDIO M'VOLTMETER 
6-DIGIT GPS CLOCK 

6-DIGIT GPS CLOCK DRIVER 

UHF ROLLING CODE TX 

UHF ROLLING CODE RECEIVER 

6-DIGIT GPS CLOCK AUTODIM ADD-ON 

STEREO DAC BALANCED OUTPUT BOARD 
DIGITAL INSULATION METER 

ELECTROLYTIC CAPACITOR REFORMER 
ULTRASONIC ANTI-FOULING FOR BOATS 
HEARING LOOP RECEIVER 

S/PDIF/COAX TO TOSLINK CONVERTER 

TOSLINK TO S/PDIF/COAX CONVERTER 

DIGITAL LIGHTING CONTROLLER SLAVE UNIT 
HEARING LOOP TESTER/LEVEL METER 
UNIVERSAL USB DATA LOGGER 

HOT WIRE CUTTER CONTROLLER 

433MHZ SNIFFER 

CRANIAL ELECTRICAL STIMULATION 

HEARING LOOP SIGNAL CONDITIONER 

LED DAZZLER 

12/24V 3-STAGE MPPT SOLAR CHARGER 
SIMPLE CHEAP 433MHZ LOCATOR 

THE MAXIMITE 

UNIVERSAL VOLTAGE REGULATOR 

12V 20-120W SOLAR PANEL SIMULATOR 
MICROPHONE NECK LOOP COUPLER 

PORTABLE STEREO HEADPHONE AMP 

CHEAP 100V SPEAKER/LINE CHECKER 
PROJECTOR SPEED CONTROLLER 

SPORTSYNC AUDIO DELAY 

100W DC-DC CONVERTER 

PHONE LINE POLARITY CHECKER 

20A 12/24V DC MOTOR SPEED CONTROLLER MK2 
USB STEREO RECORD/PLAYBACK 
VERSATIMER/SWITCH 

USB BREAKOUT BOX 

ULTRA-LD MK3 200W AMP MODULE 

PORTABLE LIGHTNING DETECTOR 

RUDDER INDICATOR FOR POWER BOATS (4 PCBs) 
VOX 

ELECTRONIC STETHOSCOPE 

DIGITAL SPIRIT LEVEL/INCLINOMETER 
ULTRASONIC WATER TANK METER 

ULTRA-LD MK2 AMPLIFIER UPGRADE 
ULTRA-LD MK3 AMPLIFIER POWER SUPPLY 

HIFI STEREO HEADPHONE AMPLIFIER 

GPS FREQUENCY REFERENCE (IMPROVED) 
HEARING LOOP RECEIVER/NECK COUPLER 
DIGITAL LIGHTING CONTROLLER LED SLAVE 
USB MIDIMATE 

QUIZZICAL QUIZ GAME 

ULTRA-LD MK3 PREAMP & REMOTE VOL CONTROL 
ULTRA-LD MK3 INPUT SWITCHING MODULE 
ULTRA-LD MK3 SWITCH MODULE 

ZENER DIODE TESTER 

MINIMAXIMITE 

ADJUSTABLE REGULATED POWER SUPPLY 
DIGITAL AUDIO DELAY 

DIGITAL AUDIO DELAY Front & Rear Panels 

AM RADIO 


PUBLISHED: PCB CODE: Price: 
JAN 1993 06112921 $25.00 
FEB 1994 01102941 $5.00 
JUL 1994 01107941 $5.00 

JULY 1998 10307981 $10.00 
APR 2001 06104011 $25.00 
DEC 2002 - 06112021 $10.00 
JUL 2003 13107031 $10.00 
NOV 2003 01111031 $25.00 
MAY 2004 04105041 $10.00 
AUG 2004 01108041 $25.00 
JAN 2006 06101062 $25.00 
JAN 2006 11101061 $25.00 

APRIL 2006 01104061 $25.00 
AUG 2006 01208061 $25.00 
AUG 2006 01108061 $25.00 

MAR 2007 04103073 $30.00 
MAR 2007 -04103072 $20.00 
JUNE 2007 05106071 $25.00 
JULY 2007 01207071 $20.00 
MAY 2008 05105081 $15.00 
SEP 2008 11009081 $10.00 
(Use Hot Wire Cutter PCB from Dec 2010 [18112101]) 
JAN 2009 10101091 $45.00 

MAR 2009 04103091 $35.00 
APR 2009 10104091 $10.00 
MAY 2009 04205091 $10.00 
MAY 2009 04105091 $30.00 

JUNE 2009 07106091 $20.00 
AUG 2009 15008091 $10.00 
AUG 2009 15008092 $45.00 

SEPT 2009 04208091 $5.00 
JAN 2010 01101101 $25.00 
JUN 2010 04106101 $25.00 
AUG 2010 04108101 $40.00 
SEP 2010 04109101 $25.00 
SEP 2010 01209101 $25.00 
OCT 2010 01210101 $10.00 
OCT 2010 01210102 $10.00 
OCT 2010 16110102 $45.00 
NOV 2010 01111101 $25.00 
DEC 2010 04112101 $25.00 
DEC 2010 18112101 $10.00 
JAN 2011 06101111 $10.00 
JAN 2011 99101111 $25.00 
JAN 2011 01101111 $25.00 
FEB 2011 16102111 $20.00 
FEB 2011 14102111 $15.00 
FEB 2011 06102111 $5.00 

MAR 2011 06103111 $15.00 

MAR 2011 18103111 $10.00 

MAR 2011 04103111 $10.00 

MAR 2011 01209101 $25.00 

APRIL 2011 01104111 $10.00 

APRIL 2011 04104111 $10.00 

APRIL 2011 13104111 $10.00 

MAY 2011 01105111 $30.00 
MAY 2011 11105111 $15.00 
MAY 2011 12105111 $10.00 
JUNE 2011 11106111 $20.00 
JUNE 2011 07106111 $20.00 
JUNE 2011 19106111 $25.00 
JUNE 2011 04106111 $10.00 
JULY 2011 01107111 $25.00 
JULY 2011 04107111 $20.00 
JULY 2011 20107111-4 $80 per se 
JULY 2011 01207111 $20.00 

AUG 2011 01108111 $10.00 
AUG 2011 04108111 $10.00 
SEP 2011 04109111 $20.00 
SEP 2011 01209111 $5.00 
SEP 2011 01109111 $25.00 
SEP 2011 01309111 $20.00 

_ SEP 2011 04103073 $30.00 
SEP 2011 01209101 $10.00 
OCT 2011 16110111 $30.00 
OCT 2011 23110111 $25.00 
OCT 2011 08110111 $25.00 
NOV 2011 01111111 $30.00 
NOV 2011 01111112 $20.00 
NOV 2011 01111113 $10.00 
NOV 2011 04111111 $20.00 
NOV 2011 07111111 $10.00 
DEC 2011 18112111 $5.00 
DEC 2011 01212111 $25.00 
DEC 2011 01212112/3 $20 per se 
JAN 2012 06101121 $10.00 


PRINTED CIRCUIT BOARD TO SUIT PROJECT: 
AM RADIO 
STEREO AUDIO COMPRESSOR 


STEREO AUDIO COMPRESSOR FRONT & REAR PANELS 


3-INPUT AUDIO SELECTOR (SET OF 2 BOARDS) 
CRYSTAL DAC 

SWITCHING REGULATOR 

SEMTEST LOWER BOARD 

SEMTEST UPPER BOARD 

SEMTEST.FRONT PANEL 

INTERPLANETARY VOICE 

12/24V 3-STAGE MPPT SOLAR CHARGER REV.A 
SOFT START SUPPRESSOR 

RESISTANCE DECADE BOX 

RESISTANCE DECADE BOX PANEL/LID 


1.5kW INDUCTION MOTOR SPEED CONT. (New V2 PCB) APR (DEC) 2012 


HIGH TEMPERATURE THERMOMETER MAIN PCB 


PUBLISHED: 


JAN 2012 
JAN 2012 
JAN 2012 
JAN 2012 
FEB 2012 
FEB 2012 
MAR 2012 
MAR 2012 
MAR 2012 
MAR 2012 
MAR 2012 
APR 2012 
APR 2012 
APR 2012 


MAY 2012 


HIGH TEMPERATURE THERMOMETER Front & Rear Panels MAY 2012 


MIX-IT! 4 CHANNEL MIXER 

PIC/AVR PROGRAMMING ADAPTOR BOARD 
CRAZY CRICKET/FREAKY FROG 
CAPACITANCE DECADE BOX 

CAPACITANCE DECADE BOX PANEL/LID 
WIDEBAND OXYGEN CONTROLLER MK2 


WIDEBAND OXYGEN CONTROLLER MK2 DISPLAY BOARD 


SOFT STARTER FOR POWER TOOLS 
DRIVEWAY SENTRY MK2 

MAINS TIMER 

CURRENT ADAPTOR FOR SCOPES AND DMMS 
USB VIRTUAL INSTRUMENT INTERFACE 

USB VIRTUAL INSTRUMENT INT. FRONT PANEL 
BARKING DOG BLASTER 

COLOUR MAXIMITE 

SOUND EFFECTS GENERATOR 

NICK-OFF PROXIMITY ALARM 

DCC REVERSE LOOP CONTROLLER 

LED MUSICOLOUR 

LED MUSICOLOUR Front & Rear Panels 
CLASSIC-D CLASS D AMPLIFIER MODULE 
CLASSIC-D 2 CHANNEL SPEAKER PROTECTOR 
HIGH ENERGY ELECTRONIC IGNITION SYSTEM 
USB POWER MONITOR 


1.5kW INDUCTION MOTOR SPEED CONTROLLER (NEW V2 PCB)DEC 2012 
THE CHAMPION PREAMP and 7W AUDIO AMP (one PCB) 


GARBAGE/RECYCLING BIN REMINDER 
2.5GHz DIGITAL FREQUENCY METER — MAIN BOARD 


2.5GHz DIGITAL FREQUENCY METER — DISPLAY BOARD 


2.5GHz DIGITAL FREQUENCY METER — FRONT PANEL 
SEISMOGRAPH MK2 

MOBILE PHONE RING EXTENDER 

GPS 1PPS TIMEBASE 

LED TORCH DRIVER 

CLASSIC DAC MAIN PCB 

CLASSIC DAC FRONT & REAR PANEL PCBs 

GPS USB TIMEBASE 

LED LADYBIRD 

CLASSIC-D 12V to +35V DC/DC CONVERTER 

DO NOT DISTURB 

LF/HF UP-CONVERTER 

10-CHANNEL REMOTE CONTROL RECEIVER 
IR-TO-455MHZ UHF TRANSCEIVER 

“LUMP IN COAX” PORTABLE MIXER 

LIL PULSER MKII TRAIN CONTROLLER 

LIL PULSER MKII FRONT & REAR PANELS 
REVISED 10 CHANNEL REMOTE CONTROL RECEIVER 
INFRARED TO UHF CONVERTER 

UHF TO INFRARED CONVERTER 

IPOD CHARGER 

PC BIRDIES 

RF DETECTOR PROBE FOR DMMs 

BATTERY LIFESAVER 

SPEEDO CORRECTOR 

SiDRADIO (INTEGRATED SDR) Main PCB 
SiDRADIO (INTEGRATED SDR) Front & Rear Panels 


TINY TIM AMPLIFIER (same PCB as Headphone Amp [Sept 1]) 


AUTO CAR HEADLIGHT CONTROLLER 
GPS TRACKER 

STEREO AUDIO DELAY/DSP 
BELLBIRD 

PORTAPAL-D MAIN BOARDS 


JUNE 2012 
JUNE 2012 
JUNE 2012 
JULY 2012 
JULY 2012 
JULY 2012 
JULY 2012 
JULY 2012 
AUG 2012 
AUG 2012 
AUG 2012 
SEPT 2012 
SEPT 2012 
SEPT 2012 
SEPT 2012 
SEPT 2012 
OCT 2012 
OCT 2012 
NOV 2012 
NOV 2012 
NOV 2012 
NOV 2012 
DEC 2012 
DEC 2012 


JAN 2013 
JAN 2013 
JAN 2013 
JAN 2013 
JAN 2013 
FEB 2013 
FEB 2013 
FEB 2013 
MAR 2013 
APR 2013 
APR 2013 
APR 2013 
APR 2013 
MAY 2013 
MAY 2013 
JUN 2013 
JUN 2013 
JUN 2013 
JUN 2013 
JULY 2013 
JULY 2013 
JULY 2013 
JULY 2013 
JULY 2013 
AUG 2013 
AUG 2013 
AUG 2013 
SEPT 2013 
SEPT 2013 
OCT 2013 
OCT 2013 
OCT 2013 
OCT 2013 
NOV 2013 
NOV 2013 
DEC 2013 
DEC 2013 


PCB CODE: 


06101121 
01201121 


Price: 
$10.00 
$30.00 


0120112P1/2 $20.00 


01101121/2 
01102121 
18102121 
04103121 
04103122 
04103123 
08102121 
14102112 
10104121 
04104121 
04104122 
10105122 
21105121 
21105122/3 
01106121 
24105121 
08109121 
04106121 
04106122 
05106121 
05106122 
10107121 
03107121 
10108121 
04108121 
24109121 
24109122 
25108121 
07109121 
09109121 
03110121 
09110121 
16110121 
16110121 
01108121 
01108122 
05110121 
04109121 
10105122 
01109121/2 
19111121 
04111121 
04111122 
04111123 
21102131 
12110121 
04103131 
16102131 
01102131 
01102132/3 
04104131 
08103131 
11104131 
12104131 
07106131 
15106131 
15106132 
01106131 
09107131 
09107132/3 
15106133 
15107131 
15107132 
14108131 
08104131 
04107131 
11108131 
05109131 
06109131 
06109132/3 
01309111 
03111131 
05112131 
01110131 
08112131 
01111131-3 


$30 per set 
$20.00 
$5.00 
$40.00 
$40.00 
$75.00 
$10.00 
$20.00 
$10.00 
$20.00 
$20.00 
$35.00 
$30.00 
$20 per set 
$20.00 
$30.00 
$10.00 
$20.00 
$20.00 
$20.00 
$10.00 
$10.00 
$20.00 
$10.00 
$20.00 
$30.00 
$30.00 
$20.00 
$20.00 
$10.00 
$5.00 
$10.00 
$25.00 
$20 per set 
$30.00 
$10.00 
$10.00 
$10.00 
$35.00 
$10.00 
$10.00 
$35.00 
$15.00 
$45.00 
$20.00 
$10.00 
$10.00 
$5.00 
$40.00 
$30.00 
$15.00 
$5.00 
$15.00 
$10.00 
$10.00 
$15.00 
$7.50 
$15.00 
$15.00 
$20.00/set 
$15.00 
$5.00 
$10.00 
$5.00 
$10.00 
$10.00 
$5.00 
$10.00 
$35.00 
$25.00/pr 
$20.00 
$10.00 
$15.00 
$15.00 
$10.00 
$35.00/set 


(for CLASSiC-D Amp board and CLASSiC-D DC/DC Converter board refer above [Nov 2012/May 2013]) 
LED PARTY STROBE (also for Hot Wire Cutter [Dec 2010]) JAN 2014 


BASS EXTENDER Mk2 

LI'L PULSER Mk2 Revised 

10A 230VAC MOTOR SPEED CONTROLLER 
NICAD/NIMH BURP CHARGER 

PRECISION 10V REFERENCE 


JAN 2014 
JAN 2014 
FEB 2014 
MAR 2014 
MAR 2014 


16101141 
01112131 
09107134 
10102141 
14103141 
04104141 


$7.50 
$15.00 
$15.00 
$15.00 
$15.00 
$5.00 


ASK SILICON CHIP 


Got a technical problem? Can’t understand a piece of jargon or some technical principle? Drop us a line 


and we'll answer your question. Send your email to 


silicon@sili 


nchip.com.au 


Lower power ignition 


coil for Jacob’s Ladder 


For the Jacob’s Ladder project de- 

scribed in 2013, would using a generic 
12V automotive coil and not aCommo- 
dore VN coil, result in orange sparks 
not moving up the wires but staying 
at the bottom where the clips attach 
to the coil? (J. E., via email). 
@ We described a Jacob’s Ladder using 
a conventional coil back in September 
1995. Have a look at that article to see 
how we used an insulating terminal 
block to set the minimum gap. It 
worked but the spark display was not 
as hot as with the Commodore coil. 


5A current 
regulator required 


This question regards your excellent 
article on the MiniSwitcher (SILICON 
CHIP, February 2012) which is also 
available as a kit from Altronics (Cat. 
K6340) and Jaycar (Cat. KC5508). Is it 
possible to reconfigure the circuit to 
operate as a constant current switching 
regulator, much like what can be done 
with conventional 3-terminal linear 
regulators? I’m guessing it’s possible to 
remove VR1 and instead use a suitable 


I recently built the Frequency 
Switch project (SILICON CHIP, June 
2007) to operate a dual-port mani- 
fold on a V8 engine at around 3000 
RPM. I found I get a “false signal” at 
around 1000 RPM, depending on the 
load on the engine; the more load the 
greater the false signal. That signal 
goes away around 1100-1200 RPM 
and the switch operates as it should 
at the 3000 RPM setting, although the 
3000 RPM setting does vary with the 
load as well. More load lowers the 
RPM at which the switch operates. 

I am using the same signal as is 
used for the tachometer that comes 
from coil negative. What could be 
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current sense resistor on the power 
supply return. 

Asa second part to this question, my 

particular application requires deliv- 
ering about 5A toa load, with a control 
pot for fine tuning. Unfortunately, this 
current is much higher than the ~1.5A 
limit of the circuit in the article. Is 
there an easy way to extend the current 
rating of the circuit, perhaps by using 
output pins 5 & 6 of the AP5002 to 
somehow gate an external MOSFET? 
Alternatively, is there another suitable 
SILICON CHIP article you can refer me 
to? (M. C., via email). 
@ Most switchmode regulators can be 
reconfigured to act as current sources 
however there is no easy way to get 
a 1.5A regulator to deliver 5A. It can 
be done but you might as well just 
start with a device designed to sup- 
ply that sort of load. Have a look at 
the LED Dazzler, which is a discrete 
switchmode current regulator. You can 
preview it at: www.siliconchip.com. 
au/Issue/2011/February/LED+Dazzle 
r%3A+A+Driver+Circuit+For+Reall 
y+Bright+LEDs 

It has a potentiometer for adjusting 
the current over a wide range and was 
originally intended to deliver up to 
3A, to drive multiple LEDs in series 


going on and how can the “false 
signal” be eliminated? Could a high- 
pass filter be used on the input to 
eliminate this false signal and what 
value capacitors and resistors would 
be suitable? (L. H., Miranda. NSW). 
@ Since you are taking the signal 
directly from the ignition coil, then 
the wave shape will vary depend- 
ing on engine load. That is because 
the spark will vary in intensity and 
duration, depending on the pressure 
within the cylinder and this will be 
reflected in the coil’s negative pri- 
mary winding. It would appear that 
the ignition coil primary voltage is 
ringing when the spark developed 


(and thus this can give a pretty high 
power output) but it should work OK 
at 5A. Use a 5A inductor for L1 (there 
should be room) and use 0.05Q for R1 
(eg, by stacking and paralleling two 
0.1Q 5W resistors). 

You might also want to use higher- 
value, lower-voltage low-ESR capaci- 
tors (depending on what supply volt- 
age you plan on using) but otherwise 
it should be OK as it is. 

We can supply a PCB for this pro- 
ject but there is also a kit available 
from RMS Parts — see their website 
at: http://rmsparts.com.au/prodde- 
tail.ews?stock.ewdcat=Kits&stock. 
ewdcategory2=LED%20Kits&&stock. 
ewdid=4513 


LED light source for 
orchid propagation 

My son grows orchids from seed. 
The babies grow in sterile conditions 
in a nutrient agar solution in flasks. He 
has set up strips of LEDs to supply the 
necessary light in our spare bedroom. 

My query is regarding powering 
these LEDs. According to my simple 
bench power supply, each LED strip 
is drawing around 800mA. If he needs 
to power 40 strips then I’m assuming 


is under load, producing a higher 
frequency than the actual spark rate. 
You should be able to better filter 
the coil waveform by increasing 
the value of the 10nF capacitor 
connected across 16V zener diode 
ZD1 at the signal input section of 
the Frequency Switch circuit. You 
could try a 100nF capacitor or a 
value between 10nF and 100nfF, eg, 
47nF. Note that if the capacitor is 
increased too much, the frequency 
switch may not work at 3000 RPM. 
In addition, the 10kQ input resis- 
tor should be a 1W type to handle 
the high voltage from the primary 
winding of the ignition coil. 
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I have been reading with interest 
the article in the February 2014 issue 
on the Intelligent Speed Controller. 
I am toying with the idea of a speed 
controller for the bow thruster on 
my boat. 

The major problem is that the 
thruster draws up to 550A at 12V DC. 
Currently, the thruster is either on or 
off. Speed control would greatly im- 
prove its operation. My thoughts are 
along the lines of an IGBT module 
controlled by the front-end of your 
Speed Controller. As well, lam going 
to build a PIC controller to ensure 
that there is a delay during a quick 
change-over from side to side plus 
monitor temperature and turn the 
system off after a period of inactivity. 

Could you offer any comments or 
suggestions that might assist please? 
(G. C., via email). 

@ Leo Simpson comments: I am 
surprised that you want a speed 


a 40A switchmode supply from Jaycar 
will do the job. But what would be the 
ramifications of running the 40 strips 
on a 20A switchmode supply? 

IfI was to run 6A worth of LEDs ona 
simple transformer and bridge rectifier 
capable of putting out 3A, I assume 
there would be no problems with 
overload of the power supply; it would 
simply run at its maximum of 3A and 
the LEDs would not be as bright. Do 
switchmode power supplies operate 
in the same way in this respect? Or 
would the 20A switchmode supply 
try to over-exert itself and burn out? 

At this stage, he is intending going 

with the 40A supply but there’s every 
chance in the future that more shelves, 
and therefore more LED strips, will 
be added to the room, resulting in the 
supply running at or over its maximum 
rating. (B. L., via email). 
@ Normally, you can expect a switch- 
mode power supply to shut down 
if overloaded. But why take the risk 
because it is possible that a severe 
overload might cause permanent dam- 
age? Such damage is not likely to be 
easily repaired. 

A simple transformer, rectifier and 
filter supply would drop in voltage 
and the transformer would overheat if 
overloaded. In your example, running 
a 6A load on a 3A supply, the supply 
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Bow Thruster Speed Controller Wanted 


controller for a bow thruster. I have 
a fly-bridge cruiser with bow and 
stern thrusters and they both draw 
extremely large currents, as does 
yours. However, I have never felt the 
need for any sort of speed control. I 
just give it the briefest of nudges in 
one direction or the other, to point 
the boat where I want it (mainly 
when reversing into the berth or 
when picking up a mooring). 

In fact, the thrusters should be 
used only in the briefest of bursts 
because they can quickly overheat, 
as well as quickly discharge even the 
most rugged of batteries. 

I do have the benefit of twin mo- 
tors so I can also use combinations of 
props in forward and reverse gear for 
very fine control, without any need 
of thrusters. In fact, with judicious 
control of rudder, throttle and prop 
direction, it’s possible to move the 
boat sideways. I would normally 


would not just deliver its 3A rating, 
but would drop in voltage level with 
the increased load. 

Even so, overloading a conventional 
power supply beyond its ratings can 
either blow the fuse or permanently 
damage the supply. It is not a good 
idea to depend on overload protection 
in normal operation. 


Why are hearing aids 


so expensive? 


The people at the Audio Clinic tell 
me that a basic hearing aid for me 
would cost about $4000 whilst one 
more suitable (cuts out extraneous 
noises, etc) would cost about $6000. 
Why are these so expensive? Surely 
the technology in a standard phone or 
PC is far more complex than a hearing 
aid but costs a fraction of the price? It’s 
possibly a matter of numbers, produc- 
tion etc but it still seems way out of 
proportion. (G. B., Emerald, Vic). 
© Weagree! Even taking into account 
the miniaturisation (and therefore 
precision) in a modern hearing aid, in 
the vast majority of cases we are being 
seriously overcharged. Back in the July 
2011 issue, we published a review 
after testing a pair of new hearing aids 
from a company then called “Aus- 
tralia Hears” (they’ve since changed 


only use the thrusters when wind 
and current conditions make it awk- 
ward to safely manoeuvre a boat in 
close quarters. This is particularly 
the case when the wind is fluky or 
gusting severely. 

The very large currents involved 
with thrusters would also present a 
major engineering exercise to make 
it reliable while ensuring very little 
voltage drop and minimum power 
loss in the controller IGBTs. We re- 
ally don’t think it would be a viable 
project. 

Your ideas for a temperature 
monitor and time-out switch-off af- 
ter inactivity are good. Commercial 
installations typically incorporate 
time-out plus an audible alarm to tell 
you it is about to switch off. 

This is important because it could 
be very awkward if you go to use 
the thrusters and they have been 
switched off. 


their name to Blamey and Saunders 
Hearing). These hearing aids worked 
extremely well and our reviewer, who 
was quite deaf in one ear and marginal 
in the other, found he was hearing 
sounds he had not experienced for at 
least 40 years! 

Following this, Blamey and Saun- 
ders asked us to review a pair of their 
new “digital” hearing aids, which were 
even better performers. That review 
was published in the March 2013 issue 
of SILICON CHIP. 

Our reviewer had a similar experi- 
ence to yours. He’d been told that a 
decent pair of hearing aids would cost 
him over $10,000. But the hearing aids 
reviewed at the time cost less than 
$1000 each. Even today, the newer 
digital models sell for only $1980 
per pair. We’d suggest you visit their 
website at www.blameysaunders.com. 
au and see for yourself. 


New regulator wanted 


for a Honda motorcycle 


I have a 1982 Honda FT500 Ascot 
motorcycle and I’m in the throes of 
designing a new ignition system for it. 
I also got the idea that I could replace 
the old-style shunt regulator/rectifier 
with a modern-design SCR or Triac 
type regulator. I’m climbing the learn- 
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I would like to build three class-D 
| amplifier kits into my home-theatre 
system to drive front right, left and 
centre speakers from a Pioneer 
VSX-D811S receiver. How would I 
configure’ it? One transformer, one 
bridge rectifier, one or two power 
| supply modules and one or two 
| speaker protector modules? Do I 
| need potentiometers on the input 
| signal? 
| Could you suggest a suitable case? 
| The ones I have seen have a front 
| panel which is wider than the case 
| itself. (J. C., via email). 
| @ For the left-centre-right speaker 
| arrangement, a single 300VA trans- 


ing curve on Arduinos and I thought I 
might go that route. 

The Ascot’s electrical charging sys- 
tem is plain-vanilla with a 3-phase 
output from a permanent magnet 
alternator. I believe the peak voltage 
is around 30VAC. At present, this 
goes into a shunt regulator/rectifier 
that delivers the typical 13V DC with 
a peak voltage of around 14.2V DC 
experienced. Peak amperage is around 
20A DC. 

Have you guys ever published a 
modern design for a 3-phase voltage 
regulator/rectifier for 12V DC power 
delivery? (G. N., via email). 

@ We have not published a regulator 
for a motorcycle alternator. A shunt 
regulator is necessary for this type of 
generator as the voltage generated can 
reach very high values with a light 
load. The permanent magnet alternator 
means that there is no control available 
of the field and so shunting the output 
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former supply would be suitable for 
all three amplifiers, with the left and 
right channels set in anti-phase to 
average out the current drain. 

You should use two speaker pro- 
tectors to provide for protection of 
the three outputs. 

Altronics sell rack cases with 
detachable side ears. These are Cat. 
H5045 and Cat. H5047 and you can 
check them out at m S 


The volume would normally be 
controlled by the receiver. However, 
a pot or pots could be fitted to set 
the initial ratio of left/right to centre 
channel volume. 


is the only practical way to control the 
output voltage. 

And while a shunt regulator can be 
wasteful, it is effective at low engine 
RPM because it does not place any load 
on the alternator. This is in contrast to 
any series regulator which inevitably 
has losses across the series element. 


PortaPAL-D batteries 


could use single cells 


I like the extensive battery protec- 
tion in the PortaPAL-D (SILICON CHIP, 
December 2013, January & February 
2014). I see how the battery manage- 
ment protects the Li-Po cells dur- 
ing the charge process and the 12V 
monitoring could also protect an SLA 
battery during the discharge process. 

I was just wondering how easy it 
would be to use discrete cells instead 
ofa pre-built Li-Po pack in this project? 
This could be a cheaper method. If the 


WARNING! 


weakest cell could then be identified 
and replaced at the end ofits life, this 
could save even more money (and the 
environment) by keeping the remain- 
ing healthy cells in service for some 
more time. 

I hate to think how many Li-Po 

packs have already been replaced just 
because a single cell has failed. Maybe 
I am wrong and a cell failure is an 
indication that all cells are near their 
end of life. (P. S., via email). 
@ You could use individual cells. The 
cell monitoring wiring and connector 
would need to be incorporated so that 
the charger, can monitor each cell as it 
does with a battery pack. 


Delay circuit wanted 


for relay control 


Can the Car Courtesy Light Delay 

project (SILICON CHIP, June 2004) be 
wired as a delay turn-off for a 12V 
relay with a 285-ohm coil? (G. C, Gold 
Coast, Qld). 
@ No. This is intended to control 
low-voltage interior lamps in cars. 
Specifically, it is intended to work 
with the low “cold resistance” of an 
incandescent lamp when it is off. It 
is this low resistance that allows the 
circuit to be charged up before the 
lamp switches on. Then the lamp is 
dimmed over time. 

This won’t work with a relay as its 
initial resistance is too high to charge. 
the circuit fully. The ‘dimming’ action 
would cause the relay to switch off as 
the voltage drops below its holding 
voltage. The relay contacts could wear 
more if there is high current through 
the contacts as the relay coil is slowly 
reducing contact pressure around the 
contact’s holding voltage. 

In addition, the circuit does not have 


SILICON CHIP magazine regularly describes projects which employ a mains power supply or produce high voltage. All such 
projects should be considered dangerous or even lethal if not used safely. 


Readers are warned that high voltage wiring should be carried out according to the instructions in the articles. When 
working on these projects use extreme care to ensure that you do not accidentally come into contact with mains AC voltages 
or high voltage DC. If you are not confident about working with projects employing mains voltages or other high voltages, 


you are advised not to attempt work on them. Silicon Chip Publications Pty Ltd disclaims any liability for damages should 
anyone be killed or injured while working on a project or circuit described in any issue of SILICON CHIP magazine. 


Devices or circuits described in SILICON CHIP may be covered by patents. SILICON CHIP disclaims any liability for the in- 
fringement of such patents by the manufacturing or selling of any such equipment. SILICON CHIP also disclaims any liability 
for projects which are used in such a way as to infringe relevant government regulations and by-laws. 


Advertisers are warned that they are responsible for the content of all advertisements and that they must conform to the 
Competition & Consumer Act 2010 or as subsequently amended and to any governmental regulations which are applicable. 
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HDMI Sound Decoder, Wanted 


Is there any chance to see a design 
for an HDMI sound extractor? I have 
an old but still very good amplifier 
that takes in 5.1 surround sound via 
six RCA plugs and drives five speak- 
ers plus a subwoofer. 

In the past, I used it to watch 
movies from my VCR and the sound 
was just fantastic. A few years ago I 
replaced my VCR with a DVD player 
but could only get stereo sound. I 
plan to replace my DVD with a Blu- 
ray player but all players now come 
with only HDMI, optical and maybe 
2-channel audio outputs. No more 
5.1 surround sound! 

I understand that HDMI carries 
eight channels of uncompressed 
audio, on top of video. I would like 
to see a device that takes the HDMI 
signal from the player and sends 
HDMI (video only) to the TV and 5.1 
surround sound via six RCA plugs 
to the amplifier. 

Jaycar carries something of the 
sort (HDMI Audio Extractor, Cat. 
AC-1637) but the sound output is 
only 2-channel. The people at Jaycar 


any protection to cope with the switch- 
off spike from the relay coil. We suggest 
that you use the Flexitimer project from 
Electronics Australia (Jaycar KA-1732) 
or the later SILICON CHIP version from 
June 2008 (Jaycar KC-5464). 


Cooling the Induction 
Motor Speed Controller 


Do you think it would be a good idea 
to use two fans instead of one for the 
Induction Motor Speed Controller or 
do you think it would be overkill for 
the amount of heat generated? (T. J., 
via email). 
© More cooling is generally better 
although just having one fan is prob- 
ably sufficient. You could use two fans 
although you may be better off just 
using one and running it at a higher 
speed or alternatively, using a single 
fan with a larger diameter. However 
fitting two fans has the advantage that 
you can run them both off the low- 
voltage supply. 

If you’re using one fan to suck air 
into the case and one to blow air out 
the other side, that could be effective 
to promote airflow across the heatsink 
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tried to persuade me that I could 
get surround sound with only two 
wires! I do not believe that. I think 
all I would get would be simulated 
surround sound; my amplifier al- 
ready does that! Or are the people 
at Jaycar correct? 

Could you please investigate if 

such a device is possible? Would it 
be possible to modify the existing 
Jaycar device? (P. Q., via email). 
@ It is very difficult to design a 
project to extract audio signals from 
HDMI. Obviously it can be done but 
they have gone to great lengths to 
make it all but impossible to do (via 
schemes like HDCP — High Defini- 
tion Copy Protection). 

We'd also need to pay license fees 
to Dolby and DTS in order to decode 
the compressed audio. The license 
fees are required in order to decom- 
press the patented AC3 and DTS 
compressed multi-channel formats 
and derivatives. There is free soft- 
ware to do this decoding but we are 
not sure about the legality of using it 
in Australia without paying the fees. 


fins but you will have to check to make 
sure that this doesn’t set up flows 
which allow a significant proportion 
of the air to bypass the heatsink. One 
way to be sure would be to measure 
heatsink temperature during normal 
operation. If it seems a little high with 
just one fan installed, there is nothing 
to prevent you from fitting a second fan. 


Recheck switch wiring 


to prevent burn-out 


I’ve had the Courtesy Light Delay 
For Cars kit in my car for some time. 
One day I was replacing the door 
switches and smoke came out of the 
module. I opened it up and the ST- 
P16NF06 Mosfet was burnt out. I re- 
placed it and it burnt out straight away 
when I plugged the module back in. 

Would this be due to a bad door 
switch earth? The component burnt 
out on the negative door input side 
(S. H., via email). 

@ We cannot say why the circuit 
would have been damaged. Just re- 
placing the door switches should not 
have damaged it. Maybe the wiring 
is now different, with the Courtesy 


Even if it was legal, it would be 
very difficult for us to design a sur- 
round sound decoder that you could 
build for anything like what they 
charge for the linked unit below 
(about $60 including delivery). 

You are right that the Jaycar unit 
won’t do the job. It will extract multi- 
channel sound from HDMI but this 
will only be available on the digital 
outputs; the two analog outputs will 
likely carry a stereo down-mix. 

The best solution seems to be to 
get a device which will take the op- 
tical (TOSLINK) output from your 
Blu-ray player and split it into the 
six analog channels. For example, 
see www.aliexpress.com/item/New- 
Digital-Audio-Decoder-5-1-Audio- 
Gear-DTS-AC-3-6CH-Digital-Audio- 
converter/1352699484.html It has 
multiple inputs and you can switch 
between them. 

The outputs appear to be three 
3.5mm stereo jack sockets so you 
just need three stereo jack socket to 
RCA leads to make connections to 
an amplifier. 


Light Delay unit connected across the 
courtesy lights instead of the switch. 

We can only suggest that you re- 
check the switch wiring. Maybe the 
switches are not quite the same as the 
original arrangement. 


Adding intelligence to a 
dumb clothes dryer 


I have a “dumb” clothes drier with 
two heat settings and a mechanical 
timer. Is it worthwhile having some 
electronic smarts to intercept the inter- 
nal wiring for the following purposes 
(1) humidity sensor to stop the drier 
when sufficiently dry (good power 
saving here)? 

(2) digital temperature control for 
sensitive fabrics? 

(3) motor reversing option to stop 
the tangles, commonly called wrinkle 
guard? 

Possibly this would be a good Ar- 
duino project? (C. D., via email). 

@ Your ideas are all good but they 
would require quite a lot of electron- 
ics. Currently, some modern clothes 
dryers feature humidity sensing and/ 
or motor reversing but these features 
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Timer For Fans And Lights (August 
2012): do not wire the unit up as 
shown in Fig.1(c) on page 65, with 
a load from the “Asw” terminal to 
Neutral. This will destroy the unit. If 
you need to wire up a fan and light, 
connect them in parallel between 
the “Aload” terminal and Neutral. 


230V 10A Universal Motor Speed 


Controller, February 2014: a 100nF 
MKT polyester capacitor was omit- 
ted from the circuit and parts list 
(there should be five, not four). It 
connects between the wiper of VR3 
(pin 2 of IC1) and ground. The PCB 
pattern and the PCB overlay pub- 
lished in this issue are correct. The 
capacitor is immediately adjacent 
to CON10. 


Mini Entertainment Unit, February 
2014: the modified version of the 


would be difficult to incorporate in a 
dumb dryer. In particular, the drum 
and dryer are typically powered by 
a single-phase induction motor and 
these are usually not possible to re- 
verse, even if you have access to the 
internal wiring. 

Most modern dryers do have a 2-way 
switch to control the power level and 
that is probably all that is required to 
protect delicate fabrics. 

Humidity sensing of the exhaust air 
is a good idea but you would need to 
ensure that the humidity sensor never 
became clogged by the residual lint 
which is always present. 


Battery load 


tester wanted 


In May 2011 you published an 
“electronic solar panel” for want of a 
better name, in other words a supply 
that acted like a solar panel for testing 
solar regulators. Iam wondering if you 
have ever produced what can only 
| be called an “electronic battery” for 
testing battery chargers. I specifically 
refer to lithium-ion chargers which 
have tight requirements for voltage 
sensing in particular. 

What I envisage is an active load 
which will sink a known and adjust- 
able current while presenting a known 
and adjustable terminal voltage to the 
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MiniReg Adjustable power supply 
(pages 46 & 47) should specify a 
higher-rated diode for D1, to match 
the current rating of the LM338 
adjustable 3-terminal regulator. 
We suggest a BY229 fast switching 
diode. It has low forward voltage 
and a current rating of 8A. It comes 
in a TO-220 package which can be 
mounted upright on the PCB. 


Stereo Echo & Reverb Unit, Febru- 
ary 2014: on page 35, the article 
states that this unit can be built from 
a delay unit kit (Jaycar KC-5506). Un- 
fortunately, this kit is for the delay 
unit from December 2011 rather than 
November 2013 and is not suitable. 

SILICON CHIP can supply the PCB, 
programmed microcontroller and 
some of the parts for this project; 
see our Online Shop ad or website 
for more details. 


source; in other words, “look” just like 
a battery under charge so that cut-off 
points etc can be checked. (I. M., via 
email). 

© In the past, we have built several 
prototypes of what could be called 
“adjustable loads” or adjustable cur- 
rent sinks but they did not make it 
to publication because of various 
problems with thermal stability and 
supersonic oscillation. In each case, 
they were based on power Mosfets. 

It is a tricky design exercise, made 
more difficult ifthe design has to cope 
with a wide range of battery voltages 
and load currents. 


MPPT controller needs 


RF suppression 


I do realise that the MPPT Solar 
Charge Controller from the Febru- 
ary 2011 issue and its update in the 
March 2012 issue have been around 
for awhile but I need to ask this ques- 
tion anyway. While it works exactly 
as it should, my problem with it is the 
amount of switching noise it generates. 
It creates 31.5kHz birdies from the bot- 
tom end of the AM broadcast band to 
at least 7.5MHz. 

This is not good for amateur radio 
use! I have tried some brute force filter- 
ing (a Pi filter with a 10mH choke and 
two 10,000uF capacitors on the input 


and output of the controller) but so far I 
have been unsuccessful in making any 
difference to the noise level. 

Any advice pointing me in the right 

direction would be much appreciated. 
(A. B., via email). 
@ While we have not tried it, the metal 
case could be connected to the battery 
negative screw terminal using an eye- 
let screwed to the box and a wire lead. 
Then use ferrite suppression clip-on 
sleeves over the solar panel and battery 
wiring. The Jaycar LF1290, LF1292 or 
LF 1294 (or similar) ferrite suppression 
sleeves could be used. 


Questions on ADSB 


collinear antenna 


I really liked your down-to-earth 
article on ADSB antennas in the Sep- 
tember 2013 issue and I would like 
to ask a few questions. Was either 
antenna tested for performance and 
return loss etc? If so, what were the 
results? What is the anticipated band- 
width of each type of antenna design? 
What is the dielectric effect of putting 
the 1090MHz collinear in PVC piping? 
What tools would be needed to tune 
the antennas, if needed. I’d like to get 
optimum performance from the col- 
linear design. (J. G., via email). 
© The antennas were only checked for 
signal pick-up. No other parameters 
were checked. 

We would not expect any dielectric 
effects from the PVC piping and no 
effect on signal pickup. Countless 
antennas these days are housed in 
some sort of plastic sheathing and it 
does not effect pick-up. 

Unless you have equipment to meas- 
ure signal pick-up such as a spectrum 
analyser, it would be difficult to tune 
or optimise the antenna. 


MPPT controller only 


designed for solar panel 


I recently completed the MPPT so- 
lar panel charger for use with a small 
camper van and all works fine. It is the 
upgraded second version featured in 
the March 2012 issue. However, the 
rest of the electrical system needed 
an overhaul. 

A regulated mains power supply is 
set to produce 13.3V and this is per- 
manently connected to the battery in 
normal use. Clearly, this system will 
never be able to fully charge the battery 

continued on page 111 
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parts and labour as required. Labour fees 
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and what’s more, it has a small drain 
and consequently the battery slowly 
discharges when the van is not in use. 

So it seemed reasonable to increase 
the output of this power supply and 
connect it in parallel with the solar 
panel input (120W) to the MPPT, us- 
ing a Mosfet as a protection diode in 
the power supply’s output. I guessed 
at setting the power supply output to 
17V since this is just below what the 
panel would produce when charging 
via the MPPT. It was not my intention 
to have both power supply and panel 
charging simultaneously although 
it will depend on the software as to 


siliconchip.com.au 


whether this will be OK. 

In fact, the input to the MPPT from 
the panels is 15.8V during bulk- 
charging and this seems to charge 
the battery more quickly than using 
the power supply. The results were 
interesting. Using the power supply, 
the MPPT Controller went into bulk 
charging mode as expected but the 
bulk charging LED flashed off briefly 
about every four seconds. 

In the description, it says that if the 
battery voltage is lower than 10.5V, 
the MPPT will charge in bursts with 
the LED flashing every four seconds 
before bulk charging begins. By this I 


presume that flashing means it is on 
briefly every four seconds but in this 
case, it is off briefly every four seconds. 
In fact, the battery voltage was around 
12V so perhaps this is a coincidence. 
So is my arrangement to have the 
power supply charge the battery via 
the MPPT Controller reasonable? What 
could be the reason for the brief flash 
off every four seconds until bulk charg- 

ing ends ? (D. W., via email). 
© The MPPT Charger assumes that a 
solar panel is connected rather than a 
power supply. If using a power supply 
instead of a solar panel, it would be 
continued on page 112 
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best to use a current-limited supply 
set for around 6.6A and at 18V. That is 
because the MPPT charging works on 
the fact that the current will drop as the 
solar panel is loaded. The solar panel 
output follows the VI curve as shown 
in Fig.1 of the February 2011 issue. 
The flashing of the LED during bulk 
charging indicates the way the MPPT 
system works. This system periodi- 
cally checks the panel to set the circuit 
up for maximum power transfer. The 
LED indicates when this is happening. 


Queries on the 
Jacob’s Ladder 


My son and I are looking at building 
the Jacob’s Ladder Mk3 (SILICON CHIP, 
February 2013) project together and 
among other things, learning how it 
works. I have a few questions as this 
is our first foray into high-voltage 
electronics. What is the minimum 
safe distance from the electrodes that 
one can safely enjoy the arc without 
a decent acrylic tube barrier? 

While the project recommends a car 
battery, after a scan over the circuit 
diagram, could the project be run from 
a 12V 5A (or better) DC power sup- 
ply? And how long can the ladder be 
in operation before it overheats, if it 
overheats? (A. F., via email). 

@ The spark voltage will jump across 
a 30mm gap. If the gap is made too 
large, the spark will simply jump 
across the terminals of the coil itself. 
However, you should avoid putting 
your hands or any other body part 
within about 10cm of the spark wires, 
merely to avoid the possibility that you 
might inadvertently go too close and 
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come into contact. If you do that, you 
won't do it again! 

A power supply capable of more 
than 5A would be needed; preferably 
8-10A. The unit should not overheat, 
even if it is used continuously. After 
all, this unit is merely a variant of our 
ignition system which is intended for 
continuous use in the engine bay of a 
vehicle. 


Super Jacob’s Ladder 


with two transformers 


I would like to connect the outputs 

of a 15kV neon transformer to the 
output of a 10kV oil fire transformer 
to produce a 25kV Jacob’s Ladder. 
Would this be OK or would I need 
high-voltage diodes to stop feed from 
one transformer getting into the other 
transformer? If so, what diodes would 
I need? At the moment I have two Ja- 
cob’s Ladders but would like to boost 
it up if possible. (A. F., via email). 
@ You can connect the two secondary 
windings of your transformers together 
to get a theoretical total of 25kV. How- 
ever, you must do it so that the voltages 
add instead of subtract (there the result 
would be only 5kV). 

In effect, you have it connect the 
start of one secondary winding to the 
finish of the other. Since there is prob- 
ably no easy way of identifying the 
starts and finishes, you would have 
to do it by trial and error. If you get 
it right, the total voltage will jump a 
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much bigger spark gap than it other- 
wise would. 

However, you should remember 
that the maximum output voltage you 
actually obtain will depend on the 
dimensions of the spark gap in the 
ladder and the insulation of all the 
wiring leading from the transformers 
to the Ladder itself. 

Even so, the resulting Jacob’s Lad- 
der display will be limited by the less 
powerful transformer. In practice, the 
display might not be any better than 
that produced by the high-energy igni- 
tion coil we employed in the Jacob’s 
Ladder featured in the February 2013 
issue. And since it is battery-powered, 
we think it would be safer than your 
transformer-powered version. sc 
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